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From  the  various  accounts  which  have  been  published  of  the  origin 
of  the  Glasgow  Philosophical  Society  we  learn  that  it  was  evidently 
the  intention  of  its  founders  that  one  of  its  chief  objects  should  be 
the  discussion  of  subjects  connected  with  the  improvement  of  the 
mechanical  arts.  In  Cleland's  account  of  '*  The  Bise  and  Progress 
of  the  City  of  Glasgow,"  published  in  1820,  we  are  told  that  "in 
1802  a  few  gentlemen  who  had  displayed  talent  and  employed 
capital  in  the  formation  and  improvement  of  machinery,  by  which 
new  facilities  were  given  to  manufactures,  and  the  price  of  labour 
consequently  reduced,  formed  themselves  into  a  society  denomi- 
nated the  Glasgow  Philosophical  Society;"  and  in  the  first  published  « 
volume  of  the  Proceedings  it  is  recorded  that  certain  gentlemen  of 
this  city,  "considering  that  general  advantage  would  be  derived 
from  the  establishment  of  a  society  for  the  discussion  of  subjects 
connected  solely  with  the  arts  and  sciences,  issued  a  circular,  dated 
5th  November,  1802,  to  their  fellow-townsmen,  requesting  such  as 
favoured  the  scheme  to  attend  a  meeting  on  the  9th  of  the  same 
month."  From  the  record  of  the  "  Early  History  and  Proceedings 
of  the  Society,"  by  Mr.  Keddie,  the  Secretary,  which  was  published 
in  the  fourth  volume  of  the  Proceedings,  it  is  evident  that  its  chief 
Vol.  XVIIL  a 
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business  was  the  di^ft.nssion  of  subjects  which  had  a  direct  bearing 
on  arts  and  macit^ctures,  and  a  perusal  of  the  Proceedings  shows 
that  this  was'ihe'case  until  a  few  years  ago. 

For  some  "tinae  past,  however,  papers  on  mechanical  subjects 
have  be«ii*spmewhat  rare.  No  doubt  a  good  many  papers  which 
would.*  lil^Yfe  been  read  before  this  Society  now  find  their  way  to 
th^ institution  of  Engineers.  As  a  member  of  the  Council  of  that 
Ipstilution,  it  is  part  of  my  duty  to  see  that  it  receives  a  proper 
^  •*  jitipply  of  papers,  but  I  am  of  opinion  that  that  supply  need  in  no 
,l'')vay  interfere  with  a  considerable  number  of  very  interesting 
. '  subjects  connected  with  engineering  being  discussed  by  the  Philo- 
sophical Society.  In  the  Institution  of  Engineers  the  audience  is 
composed  of  men  whose  chief  business  is  the  study  or  practice  of 
engineering,  and  who  are  therefore  qualified  to  enter  into  the 
intelligent  consideration  of  technical  details.  In  this  Society,  on 
the  other  hand,  the  majority  of  the  members  have  neither  time 
nor  opportunity  for  making  themselves  acquainted  with  such 
details,  and  the  papers  read  should  be  of  such  a  nature  that 
any  intelligent  man  may  understand  them  although  he  has  not 
previously  paid  special  attention  to  the  subject. 

I  make  these  remarks  in  the  hope  that  the  department  of 
mechanical  science  may  be  more  adequately  represented  in  the 
transactions  than  it  has  been  for  some  time  past;  not,  however,  at 
the  expense  of  the  other  branches  of  science,  because,  whatever 
may  have  been  the  original  objects  of  the  Society,  in  my  opinion 
its  chief  function  should  now  be  to  keep  its  members  informed 
respecting  the  recent  advances  in  all  the  most  important  fields  of 
investigation  and  practice.  With  the  different  sections  of  the 
Society  now  fully  organised  this  should  not  be  very  difficult  to 
accomplish. 

The  subject  which  I  have  selected  for  the  paper  to-night,  "  The 
.Development  of  the  Marine  Engine,"  is  one  which  ought  to  interest 
many  of  the  members  who  are  not  engineers,  simply  because 
Glasgow  has  taken  such  a  prominent  part  in  that  development, 
and  because  it  may  be  considered  the  cradle,  and  remains  the 
headquarters  of  marine  engine  manufacture.  The  subject  is  large 
enough  to  require  a  special  treatise,  so  that  all  that  can  be  given 
in  a  paper  of  this  kind  is  a  mere  outline,  and  those  who  are 
acquainted  with  the  design  and  construction  of  marine  engines 
are  not  likely  to  find  much  that  is  new  in  my  treatment  of  it. 
The  paper  is  intended  chiefly  for  those  whose  ordinary  work  is 
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not  engineering,  but  I  hope  I  may  also  make  it  interesting  to 
engineers,  by  showing  how  far  theory  has  guided  practice,  and  how 
far  that  practice  has  reacted  on  the  theory ;  that  is  to  say,  we  will 
consider  the  marine  engine,  not  in  its  detailed  construction,  but 
simply  as  an  arrangement  created  by,  or  at  least  embodying,  a 
system  of  principles.  Time  will  not  allow  us  to  enter  into  many 
historical  details  of  the  development  of  the  steam-engine  generally, 
a  mere  sketch  of  the  earlier  applications  is  all  that  can  be  given, 
and  our  attention  will  be  chiefly  confined  to  the  great  improve- 
ments which  have  been  made  during  the  past  thirty  years. 

It  may  interest  some  of  the  members  to  know  that  this  is  by  no 
means  the  first  paper  which  has  been  read  before  this  Society  on 
the  history  of  the  Steam-engine.  In  1839  Mr.  Hugo  Reid  read  a 
paper  entitled  "  Kemarks  on  the  statements  in  Arago's  Life  of 
Watt  regarding  the  invention  of  the  Steam-engine."  At  that 
time  the  Society  did  not  publish  its  transactions,  but  Mr.  Keid's 
paper  was  so  highly  thought  of  by  the  members  that  by  a  unani- 
mous vote  they  requested  him  to  publish  it.  Copies  of  the  paper 
are  now  extremely  scarce,  but  it  was  reprinted  as  an  appendix  to 
a  small  treatise  on  the  Steam-engine  by  Mr.  Reid,  and  I  have  no 
doubt  has  been  read  by  some  now  present.  The  paper  was  written 
for  the  purpose  of  showing  that  M.  Arago  had  unduly  exaggerated 
the  work  done  by  Frenchmen,  especially  by  Do  Caus  and  Papin, 
in  connection  with  the  steam-engine,  and  had  depreciated  that  of 
Savary,  Newcomen,  and  Watt.  It  is  not  necessary  that  I  should 
enter  into  such  matters.  The  few  historical  details  which  I  will 
give  will  be  facts  which  are  generally  admitted,  although  I  have 
no  doubt  critics  will  be  found  who  will  dispute  some  of  them. 

A  heat  engine  may  be  defined  as  an  appliance  for  converting 
heat  energy  into  mechanical  work,  and  a  steam-engine  is  a  special 
form  of  heat  engine  in  which  steam  is  the  working  fluid.  In 
studying  a  steam-engine,  however,  we  may  look  upon  it  either 
as  a  heat  engine  or  as  a  machine  for  doing  a  special  kind  of  work, 
and  of  which  the  design  requires  to  be  adapted  to  that  work. 
Our  time  will  only  permit  us  to  consider  the  marine  engine  chiefly 
from  the  former  point  of  view. 

A  marine  engine  is  a  prime  mover,  generally  a  steam-engine  (to 
which  form  we  will  confine  our  attention),  which  is  designed  to 
propel  a  floating  body  through  water  at  a  certain  speed,  and 
although  the  term  is  most  commonly  employed  in  its  correct 
etymological  sense,  to  denote  the  kind  of  engine  which  is  used  to 
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propel  ships  at  sea,  it  also  includes  the  engines  of  river  boats,  and 
of  vessels  employed  in  inland  navigation. 

In  criticising  the  construction  of  marine  engines,  it  must  be 
remembered  that  their  design  is  limited  by  many  conditions  which 
do  not  hold  in  land  engines,  some  of  which  are  somewhat  contra- 
dictory, so  that  the  modern  marine  engine  may  be  characterised 
as  a  collection  of  compromises,  and  the  manner  in  which  these 
are  effected  is  a  measure  of  the  skill  of  the  designer.  The  first 
condition  to  be  noted,  especially  in  vessels  intended  for  long 
voyages,  is  that  the  engines  should  bo  economical  in  the  use  of 
steam,  and  hence  of  fuel,  and  that  their  cost  should  not  be  too 
great.  Connected  with  this  condition  is  another,  that  the  parts 
should  be  as  light  as  is  consistent  with  strength  and  durability. 
Again,  while  it  is  highly  advisable  that  the  different  parts  should 
be  easily  accessible  for  inspection,  and  repair  if  necessary,  space 
must  F)e  economised  as  much  as  possible.  The  engines  must  also 
be  easily  started,  stopped,  and  reversed,  and  exert  a  nearly  uniform 
twisting  action  on  the  crank  shaft,  and  be  capable  of  working 
continuously  for  long  periods  without  stoppage  from  any  cause. 
Lastly,  it  is  necessary  that  their  heaviest  parts  should  have  as  low 
a  position  in  the  vessel  as  possible,  and  in  war  vessels  the  engines 
must  be  under  the  water  line  so  that  they  may  be  protected  from 
the  effects  of  shot.  A  detailed  study  of  the  different  classes  of 
engines  is  necessary  before  we  can  see  how  they  fulfil  those 
conditions.  All  that  wo  can  give  in  the  meantime  is  a  brief 
outline. 

Long  before  steam  was  used  for  propelling  vessels,  paddle 
wheels  had  been  applied  in  place  of  oars.  For  instance,  it  is 
stated  that  the  Roman  army  under  Claudius  Caudex  was  conveyed 
to  Sicily  in  boats  propelled  by  paddle  wheels  which  were  turned 
by  oxen,  and  illustrations  of  such  boats  are  to  be  found  in  old 
military  histories.  Rajnelli  gives  an  illustration  of  a  vessel 
propelled  by  paddle  wheels  which  were  turned  by  men  by  means 
of  cranks.  The  use  of  the  screw  propeller  seems  to  have  been 
first  suggested  by  Hooke  in  1681. 

With  regard  to  the  development  of  the  steam-engine,  apart 
from  its  application  to  the  propulsion  of  vessels,  it  will  be  sufficient 
to  note  that  in  the  first  engine  which  was  at  all  of  a  practical 
nature,  and  resembling  the  steam-engines  at  present  in  use,  viz., 
that  designed  by  Papin,  the  boiler,  cylinder,  and  condenser  were 
combined  in  one;  that  the  next  step  was  taken  by  Newcomen, 


Mb.  Henry  Dyer  on  Development  of  the  Marine  Etigine.      5 

when  he  separated  the  boiler  from  the  condenser;  while  engines  of 
the  same  type  as  those  which  at  present  exist  were  designed  by 
Watt  in  all  their  essential  details  when  he  separated  the  condenser 
from  the  cylinder,  although  the  tendency  to  multiply  parts  still 
continues,  and  instead  of  the  steam  being  used  in  one  cylinder  as 
it  was  by  Watt,  it  is  now  very  often  used  in  two,  three,  or  more 
cylinders,  each  with  separate  organs  of  admission  and  exhaust, 
and  requiring  a  multiplication  of  the  parts  of  the  mechanism. 

In  glancing  at  the  history  of  the  application  of  the  steam-engine 
to  marine  propulsion,  it  is  not  necessary  for  our  present  purpose  to 
go  further  back  than  the  time  of  Papin,  as  all  earlier  attempts 
seem  to  be  of  a  somewhat  apocryphal  nature.  In  1690  Papin 
proposed  to  use  his  piston  engine  to  drive  paddles  for  propelling 
vessels,  and  some  years  later  he  actually  constructed  a  model  boat 
and  engine  and  made  some  experiments  with  it  on  the  Fulda  at 
Cassel.  The  engine  was  used  for  pumping  water  to  supply  a  water- 
wheel,  which,  in  turn,  was  made  to  drive  paddles.  He,  however, 
fiedled  to  obtain  the  necessary  permission  from  the  Government  to 
use  the  boat,  and  a  mob  of  boatmen,  who  thought  that  if  Papin 
were  successful  their  business  would  be  ruined,  attacked  the  vessel 
at  night  and  utterly  destroyed  it.  Papin  with  difficulty  escaped 
with  his  life  and  fled  to  England,  and  he  does  not  seem  to  have 
made  any  further  attempts  to  establish  steam  navigation. 

In  1736  Jonathan  Hulls  took  out  a  patent  for  the  use  of  steam 
for  ship  propulsion.  In  the  description  which  he  published  of  his 
method,  he  proposed  to  use  a  Newcomen  engine,  from  which  a 
continuous  rotatory  motion  of  the  paddles  was  to  be  obtained  by 
means  of  a  system  of  ropes  and  grooved  wheels.  The  vessel  was 
to  be  used  as  a  tow-boat,  but  no  authentic  evidence  exists  to  show 
that  it  was  actually  constructed.  In  1752  Bemouilli  was 
awarded  a  prize  by  the  French  Academy  of  Sciences  for  the  best 
essay  on  the  manner  of  propelling  vessels  without  wind.  He 
proposed  that  what  were  practically  screws  should  be  placed  on 
each  side  of  the  vessel,  and  two  more  behind,  and  that  they 
should  be  diiven  by  animal  or  steam  power. 

The  great  improvements  made  by  Watt  on  the  steam-engine  led 
to  a  considerable  number  of  attempts  to  apply  it  to  the  propulsion 
of  ships.  The  earliest  seems  to  have  been  made  in  1763  by 
William  Henry,  in  Pennsylvania,  America,  who  fitted  a  Watt 
engine  in  a  boat  having  paddle-wheels,  and  made  experiments  with 
it  on  the  Conestoga  River.     A  considerable  number  of  inventors 
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appeared  in  America  shortly  after  this  date.  Of  these,  John 
Fitch  and  James  Rumsey  are  the  two  whose  names  are  the  most 
prominent,  and  who,  after  several  trials  with  their  boats,  were  able 
to  obtain  a  speed  of  seven  miles  an  hour.  The  engines  were  Watt 
beamed  engines,  and  they  were  employed  in  driving  paddles  which 
at  first  were  placed  amidships,  but  latterly  at  the  stem.  In  1796 
Fitch  made  some  experiments  with  a  small  screw  steamboat. 

In  France,  between  the  years  1720  and  1783,  the  Marquis  de 
Jouffroy  and  others  made  experiments  very  similar  to  those  of 
Fitch,  but  the  Government  refusing  to  grant  a  monopoly,  which 
had  been  promised,  they  were  compelled  to  abandon  them. 

In  Scotland,  in  1788  and  1789,  Miller  of  Dalswinton,  Taylor, 
and  Symington  made  experiments  with  paddle  boats,  but  they 
appear  to  have  failed  chiefly  on  account  of  the  imperfect  nature  of 
the  means  employed  for  transmitting  the  motion  of  the  piston  to 
the  propeller.  Symington,  however,  in  1801,  taking  advantage 
of  Watt's  improvements,  designed  a  vessel,  the  Charlotte  JDimclas, 
with  a  paddle-wheel  near  the  stern,  and  driven  by  a  direct-acting 
horizontal  engine  with  a  connecting  rod  and  crank.  This  vessel 
was  successfully  employed  as  a  tug  on  the  Forth  and  Clyde  Canal, 
but  the  directors,  fearing  injury  to  the  banks  of  the  Canal, 
abandoned  its  use. 

About  the  same  time  Fulton  and  Stevens  made  successful 
experiments  in  America  with  small  paddle  steamers,  and  to  the 
former  is  largely  due  the  honour  of  the  successful  introduction  of 
steam  navigation  into  his  own  country,  for,  after  many  trials,  he  was 
able,  in  1807,  to  design  and  build  the  Clermont,  which  may  be 
considered  the  first  steamer  which  was  successful,  from  a  com- 
mercial point  of  view,  that  is  to  say,  which  remunerated  its 
proprietors  for  the  expense  which  they  had  incurred.  It  was 
propelled  by  paddles  driven  by  an  engine  made  by  Boulton  and 
Watt,  and  had  many  of  the  characteristics  of  the  American  liver 
steamer  of  the  present  day. 

In  this  country  the  corresponding  step  to  that  made  by  Fulton  in 
Ameiica  was  made  by  Henry  Bell  in  1812,  when  he  designed  the 
Cornet,  which  was  built  to  run  between  Glasgow,  Greenock,  and 
Helensburgh.  The  boat  was  constructed  by  John  Wood  of  Port- 
Glasgow,  and  the  engine  was  made  by  John  Robertson  of  Glasgow, 
and  was  essentially  an  inverted  beam  or  side  lever  Watt  engine, 
and  the  power  was  transmitted  to  two  pairs  of  paddles  by  means 
of  spur  gearing.    This  arrangement,  however,  proved  unsatisfactory, 
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and  the  boat  was  lengthened  and  the  original  engine  replaced  by 
a  larger  one  which  drove  a  simple  pair  of  paddles;  and  by  these 
means  a  speed  of  about  six  miles  an  hoar  was  realised.  The 
Comet  plied  to  yarions  places  for  several  years,  and  was  wrecked 
at  Craignish  in  1820. 

Since  Fulton  and  Watt's  time,  the  changes  which  have  taken 
place  in  the  marine  engine  have  not  consisted  so  much  in  the 
development  of  new  principles  as  in  modifications  of  form  and 
design  and  improvements  in  workmanship,  with  consequent 
economy  of  fuel  As  my  present  object  is  not  to  sketch  the 
progress  of  steam  navigation  (which,  however,  I  may  do  in  a  future 
paper),  but  simply  to  note  some  of  the  chief  points  in  the  develop- 
ment of  marine  engines,  it  will  be  sufficient  to  mention  shortly  some 
of  the  general  designs  which  have  been  made,  and  of  the  chief 
details  which  have  rendered  the  engines  more  economical. 

Marine  engines  may  be  divided  into  three  classes,  according  to  the 
nature  of  the  propelling  apparatus,  which  always  requires  a  special 
arrangement  of  engine.  In  the  first  class  we  have  paddle  engines  for 
propelling  the  vessels  by  means  of  paddles,  as  already  explained;  in 
the  second,  screw  engines  for  propelling  the  vessels  by  means  of 
screws  or  twisted  vanes  revolving  beneath  the  water  at  the  stem ; 
and  in  the  third,  we  have  engines  for  working  pumps  which 
propel  the  vessels  by  means  of  the  reaction  of  a  jet  of  water. 
This  last  class,  although  it  doubtless  has  a  great  future  before  it> 
can  scarcely  be  said  to  have  come  into  the  sphere  of  practical 
engineering,  as  very  few  such  engines  have  been  made,  and  as  at 
present  we  have  not  time  to  speculate  on  what  may  be  done,  but 
simply  to  review  what  has  been  done,  it  will  be  sufficient  if  we 
confine  our  attention  to  the  two  first  classes. 

The  inverted  beam,  or  side-lever  engine,  was  for  many  years 
chiefly  used  for  the  larger  marine  engines.  Engines  of  this  class 
were  not  by  any  means  self-contained,  the  keelsons  and  framing 
of  the  vessels  being  largely  relied  upon  for  resisting  the  stresses 
arising  firom  the  action  of  the  engines;  and,  of  course,  under  such 
conditions,  a  low  pressure  of  steam  and  steady  uniformity  of 
motion  were  matters  which  were  essential  to  their  safe  working, 
and  the  makers  of  such  engines  seemed  to  exercise  their  ingenuity 
on  their  architectural  details,  rather  than  on  the  proper  disposal 
of  the  metal  for  resisting  the  forces  which  acted  on  their  various 
parts.  There  can  be  no  doubt,  however,  that  so  far  as  external 
appearance  went,   some  of   the   side-lever  engines  were   grand 
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specimens  as  compared  with  the  bold  and  strictly  utilitarian  designs 
of  the  present  day,  and  at  the  same  time  were  very  powerful  and 
fjEurly  efficient,  considering  the  state  of  steam-engines  generally  at 
that  date.  Being  employed  in  propelling  paddles,  their  crank 
shafts  were  on  a  level  with  the  deck;  a  pressure  of  steam  of 
about  10  pounds  on  the  square  inch  was  used,  and  the  space  occupied 
in  the  hull  by  the  engines  and  boilers  was  nearly  one-third  of  the 
ship's  length.  Engines  of  the  side-lever  type  have  now  entirely 
disappeared,  although,  even  at  the  present  day,  ordinary  beamed 
engines  are  largely  used  in  American  river  and  coasting  steamers, 
and  with  their  long  strokes  and  steady  motion  hold  theii*  own 
against  the  modem  types. 

Many  modifications  of  the  side-lever  engine  were  designed,  and 
in  some  cases  horizontal  engines  were  used,  for  driving  the  paddles, 
but  these  were  objectionable  on  account  of  the  great  weight  they 
caused  to  be  placed  on  the  deck.  To  obviate  this  the  steeple  engine 
was  designed  by  Mr.  David  Napier  in  1836,  and  continued  in  use 
for  many  years,  especially  in  river  steamers.  It  is  now,  however, 
seldom  made,  the  direct-acting  diagonal  or  the  oscillating  engine 
(which  was  first  designed  by  Penn  in  1837),  being  generally 
employed  for  paddle  steamers. 

When  the  screw-propeller  was  first  introduced,  and  for  a  con- 
siderable time  thereafter,  the  same  kinds  of  engines  were  used  for 
driving  it  as  were  employed  for  paddle  vessels,  the  connection 
between  the  crank  and  the  propeller  shafts  being  effected  by  means 
of  gearing.  Now,  however,  the  screw-propeller  is  almost  always 
driven  directly  from  the  crank  shaft,  and  the  most  common  types 
of  engines  employed  are  the  horizontal  and  the  vertical,  the  former 
in  the  navy,  in  which  it  is  necessary  that  the  machinery  should  be 
below  the  water-level,  the  latter  in  the  mercantile  marine.  In 
each  of  these  classes  we  find  single-cylinder  engines,  but  generally 
speaking  compound  engines  of  some  form  are  used,  the  two-cylin- 
der type  in  many  cases ;  but  in  recent  years  triple  and  quadruple 
expansion  engines  have  been  introduced  with  good  results. 

The  improvement  which  has  been  made  in  the  efficiency  of  marine 
engines  considered  as  heat  engines  has  been  brought  about  chiefly 
by  the  increase  of  the  pressure  of  the  steam  used.  Watt  not  only  con- 
fined his  practice  to  steam  a  little  over  atmospheric  pressure,  but  he 
did  all  in  his  power  to  prevent  the  introduction  of  the  high-pressure 
engines  designed  and  constructed  by  Trevithick  and  others.  Ho 
was  quite  aware  that  the  efficiency  of  the  steam  was  increased  by 
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raising  its  temperature,  his  chief  reason  for  objecting  to  the  high- 
pressure  engines  being  that  he  feared  the  danger  which  would 
attend  their  use.  Influenced,  no  doubt,  by  Watt's  example,  the 
progress  of  high-pressure  steam  was  very  slow;  and  as  late  as  1839 
the  greater  part  of  the  evidence  given  before  a  Parliamentary  Com- 
mittee seemed  to  show  that  the  only  use  of  high-pressure  steam  was 
to  dispense  with  condensing  water,  and  as  there  was  always  plenty 
of  water  in  the  neighbourhood  of  a  steam-boat,  such  steam  was 
imnecessary  for  a  marine  engine.  It  was  not  till  after  Joule  and 
others  had  determined  by  experiment  the  value  of  the  dynamical 
equivalent  of  heat,  and  Thomson,  Hankine,  and  Clausius,  taking 
advantage  of  these  expe^'iments,  had  developed  the  mathematical 
side  of  the  subject,  and  put  it  into  a  form  intelligible  to  engineers, 
that  the  pressure  of  steam  was  increased  to  any  great  extent. 
Even  then  it  is  not  clear  whether  the  increase  arose  from  a  distinct 
recognition  of  the  law  of  efficiency  of  heat  engines,  namely,  that 
the  real  value  of  heat  as  a  source  of  mechanical  power  depends  on 
the  temperature  of  the  working  substance  relatively  to  that  of 
surrounding  bodies,  and  consequently  that  high-pressure  engines 
derive  their  advantage  over  low-pressure  engines  from  their  power 
of  making  useful  a  greater  range  of  temperature,  or  whether  it  was 
simply  from  greater  confidence  in  the  use  of  steam  and  of  the 
materials  used  in  construction.  In  any  case,  from  the  date  of  these 
investigations,  the  pressure  of  steam  used  in  marine  engines  was 
gradually  increased  until  it  reached  from  30  to  40  lbs.  on  the 
square  incL  When  it  had  risen  to  the  latter  figure,  and  consider- 
able expansion  was  employed,  the  variation  in  the  temperature  of 
the  cylinder  caused  a  large  amount  of  initial  condensation  of  the 
'steam,  followed  by  a  certain  amount  of  re-evaporation  towards  the 
end  of  the  stroke.  In  engines  working  under  such  conditions,  if 
we  compare  the  weight  of  steam  actually  used  with  that  obtained 
by  multiplying  the  volume  moved  through  per  stroke  of  the  piston 
by  the  density  of  the  steam,  it  is  found  that  the  former  is  always 
much  greater  than  the  latter.  This  difference  was  formerly 
accounted  for  by  supposing  that  steam  escaped  past  the  piston; 
but  the  researches  of  D.  K.  Clark  in  this  country,  Isherwood  and 
others  in  America,  and  Him,  Leloutre,  and  Hallawer  on  the 
Continent,  have  fully  explained  it  by  the  action  of  the  sides  of  the 
cylinder  on  the  steam.  In  the  theory  of  the  action  of  steam- 
engines,  as  developed  by  Kankine  and  Clausius,  no  account  is  taken 
of  the  action  on  the  steam  of  the  materials  of  which  the  cylinders 
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are  constructed,  and  hence  that  theory  has  to  be  viewed  in  the  light 
of  experiments  with  actual  engines.  This  had,  in  fact,  been  done 
to  a  certain  extent  a  hundred  years  before  this  date  by  Watt  and 
Smeaton;  but  its  systematic  investigation  for  the  conditions  under 
which  steam  is  now  used  in  engines  is  due  to  the  men  I  have 
named,  who  showed  that  between  the  sides  of  the  cylinder  and  the 
steam,  or  rather  the  mixtui-e  of  steam  and  water,  there  is  a  continual 
exchange  of  heat.  "When  the  steam  enters  the  cylinder  a  con- 
siderable part  of  it  is  condensed  against  the  sides,  which  become 
covered  with  a  film  of  water.  During  expansion  heat  is  restored 
to  the  condensed  steam,  and  the  film  of  water  re-evaporates  either 
partially  or  wholly.  With  low  rates  of  expansion  the  tempeittture 
of  the  internal  surface  of  the  cylinder  is  higher  than  the  exliaust 
temperature,  while  with  high  rates  the  temperature  during 
expansion  is  so  much  reduced  that  when  fresh  steam  enters  at  the 
beginning  of  the  next  stroke  a  large  quantity  is  condensed  which  is 
not  all  re-evapoi*ated  during  expansion,  and  on  the  communication 
to  the  condenser  being  opened  at  the  end  of  the  stroke  it  is 
suddenly  evaporated  and  passes  into  the  condenser  without  doing 
useful  work — a  cause  of  loss  of  efficiency  which  increases  >vith  the 
pressure  and  ratio  of  expansion.  Hence  arose  the  necessity  for 
compound  engines,  in  which  the  steam  is  used  successively  in  two 
cylinders.  To  John  Elder  is  largely  due  the  honour  of  having 
successfully  applied  such  engines  for  marine  purposes.  He,  more- 
over, re-introduced  the  steam  jacket  invented  by  Watt,  but  which 
had  gone  wholly  out  of  use  in  marine  engines,  and  he  was  thus 
able  to  prevent  a  considerable  amount  of  the  initial  condensation 
as  well  as  that  caused  by  the  expanding  steam  doing  worL  This 
latter  part  of  the  condensation  was  foretold  by  Kankine  and 
Clausius  from  theoretical  grounds,  but  neither  of  them  seems  to 
have  recognised  clearly  the  condensing  eft'ect  of  the  sides  of  the 
cylinder.  We  cannot  examine  the  claims  of  all  who  took  part  in 
the  development  of  the  compound  engine,  but  other  two  Glasgow 
names  deserve  to  be  mentioned,  namely,  Charles  Randolph,  who 
was  associated  with  Mr.  Elder,  and  J.  M.  Rowan.  The  latter 
deserves  much  credit  for  his  persevering  efforts  to  introduce  liigh- 
pressuro  steam  and  surface  condensation,  and  to  convince  engineers 
and  shipowners  of  the  advantage  that  attended  their  use,  and  that 
the  practical  difficulties  were  generally  due  to  defective  construc- 
tions, which  could  be  avoided. 

A  great  increase  in  the  efficiency  of  marine  engines  was  the 
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immediate  result  of  these  improvements  in  their  design,  and  the 
steam  pressure  went  up  to  80  and  in  some  cases  to  over  100  pounds 
on  the  square  inch.  It  is  doubtful  whether  saturated  steam  at  a 
higher  pressure  than  the  first-named  of  these  figures  can  be  used 
with  economy  in  a  two-cylinder  compound  engine,  for  beyond  that 
pressure  we  have  a  recurrence  of  the  evils  found  in  simple  engines. 
This  has  led  to  triple  expansion  engines,  in  which  the  steam  is 
expanded  successively  in  at  least  three  separate  cylinders,  and  such 
engines  form  the  most  important  development  in  marine  engineer- 
ing which  has  taken  place  during  the  past  few  yeai-s.  Generally 
speaking,  steam  of  a  boiler  pressure  of  about  150  lbs.  on  the  square 
inch  is  employed.  Being  admitted  into  the  first  or  high-pressure 
cylinder,  it  is  cut  off  at  about  three-fourths  of  the  stroke  and 
allowed  to  expand;  it  then  passes  into  the  mean-pressure  or  middle 
cylinder,  in  which  the  volume  is  much  greater  than  that  of  the 
high-pressure  cylinder,  and  there  expands  as  in  the  low-pressure  of 
an  ordinary  compound  engine ;  and  from  that  it  passes  into  a  third 
cylinder  of  much  greater  capacity,  where  it  is  still  further  expanded; 
and  lastly  it  escapes  into  the  condenser.  Such  is  the  most 
common  arrangement,  but  many  triple  expansion  engines  have  four 
cylinders.  In  these  the  third  expansion  takes  place  in  two  cylinders 
simultaneously,  instead  of  in  one  larger  low-pressure  cylinder. 
Others  again  have  six  cylinders — one  high-pressure,  two  mean- 
pressure,  and  three  low-pressure  cylinders — an  arrangement  which 
is  very  suitable  for  large  powers.  Many  other  arrangements 
might  be  suggested,  but  into  the  consideration  of  these  we  need 
not  enter,  our  object  being  not  to  study  different  designs,  but  to 
explain  shortly  the  principles  on  which  they  all  act  and  the  reasons 
why  their  economy  is  greater  than  that  of  engines  which  had  been 
previously  made. 

Triple  expansion  engines  are  the  natural  development  of  the 
ordinary  compound  engine,  and,  as  at  present  constructed,  have 
been  evolved  from  the  practice  of  many  engineers.  French  writers 
on  engineering  claim  that  triple  expansion  engines  were  first 
designed  in  France.  If  they  were,  the  results  were  evidently  not 
very  satisfactory,  as  little  progress  was  made.  In  this  country  the 
earliest  application  of  the  principle  seems  to  have  been  made  by 
Messrs.  John  Elder  <k  Co.  in  1874,  in  the  case  of  the  engines  of  the 
Propontis,  which  were  designed  by  Mr.  A.  C.  Kirk.  In  these 
engines  a  pressure  of  150  lbs.  on  the  square  inch  was  employed. 
They  had  three  cylinders  of  progressive  capacities,  the  smallest 
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being  the  high-pressure  to  which  the  steam  was  first  admLttcd, 
next  the  intermediate  one  to  which  the  steam  psissed  from  the 
high-pressure,  and  the  third  the  low-pressure,  receiving  the  steam 
from  the  intermediate  cylinder  and  discharging  it  into  the  con- 
denser, each  cylinder  being  placed  above  its  own  crank  in  a  three- 
throw  crank  shaft.  The  boiler  employed  was  of  the  water  tube 
type,  and  gave  so  much  trouble  that  it  was  taken  out  and  replaced 
by  an  ordinary  internally-fired  boiler,  carrying  a  pressure  of  90 
lbs.  to  the  square  inch.  The  original  engines  of  the  Fropontis 
are,  however,  still  at  work.  For  some  years  after  the  date  named 
little  progress  was  made  in  the  increase  of  steam  pressure  and  the 
construction  of  triple  expansion  engines.  M.  B.  Normand  of 
Havre,  Mr.  Taylor  of  Newcastle,  Messrs.  Douglas  &  Grant  of 
Kirkcaldy,  and  one  or  two  others  constructed  comparatively  small 
engines  of  this  type  for  passenger  boats  and  yachts.  Herr  F. 
Schichau  of  Elbing,  in  Germany,  commenced  in  1877  to  construct 
triple  expansion  engines  for  toi-pedo  boats,  and  between  that  date 
and  the  present  time  he  has  made  more  than  100  sets  of  such 
engines.  Hen*  Schichau  evidently  thinks  he  can  compete  with 
British  engineers  in  the  construction  of  the  smaller  class  of  marine 
engines,  and  deliver  them  in  Britain  at  a  price  which  would  not 
yield  a  profit  to  British  manufacturers.  I  am  not  able  to  give  a 
comparison  of  his  prices  with  those  of  Clyde  engineers,  but  the 
mere  fact  of  the  appeai'ance  of  Herr  Schichau's  advertisements  in 
British  journals  is  sufficient  to  give  our  engineer  groimd  for 
serious  thought.  The  other  day,  in  a  German  technical  journal, 
I  saw  an  article  claiming  for  Herr  Schichau  the  credit  of  the 
invention  of  the  triple  expansion  engine.  The  claim  was  based 
on  the  supposition  that  he  was  the  first,  in  1877,  to  make  triple 
expansion  engines  with  three  cranks,  but  as  I  have  already  pointed 
out,  the  Propontis  had  been  constructed  on  this  piinciple  three 
years  previously.  Whatever  dispute  there  may  be  about  these 
first  attempts,  it  cannot  be  denied  that  the  successful  introduction 
of  the  triple  expansion  engine  into  the  mercantile  marine  is  duo 
to  the  designer  of  the  engines  of  the  Propontis,  when  in  1881,  as 
senior  partner  of  Messrs.  R.  Napier  <k  Sons,  he  designed  and 
constructed  the  engines  of  the  Aberdeen,  These  engines  are  essen- 
tially of  the  same  type  as  those  of  the  Propontis,  the  cylinders 
being  30  in.,  45  in.,  and  70  in.,  by  4  feet  6  in.  stroke.  The 
boilers,  two  in  number,  are  ordinary  double-ended  boilers,  con- 
structed entirely  of  steel,  with  six  of  Fox's  corrugated  furnaces  in 
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each;  and  the  pressure  of  steam  is  125  lbs.  on  the  square  inch. 
These  engines  being  highly  successful,  a  great  impetus  was 
immediately  given  to  the  construction  of  triple  expansion  engines. 
We  need  not  enter  into  details :  it  will  be  sufficient  to  state  that 
at  the  beginning  of  this  year  142  sets  of  such  engines  had  been  built, 
and  100  were  being  built  in  Britain,  and  also  that  on  the  Conti- 
nent they  were  making  considerable  progress.  It  is  satisfactory 
to  know  that  Clyde  engineers  keep  the  lead  in  the  manufacture 
of  such  engines,  of  which  sufficient  proof  is  afforded  by  the  fact 
that  at  present  there  are  in  the  workshops  of  Messrs.  Napier  k 
Sons  triple  expansion  engines  of  the  aggregate  of  about  36,000 
indicated  horse-power — the  largest  set  of  13,000  horse-power,  it 
may  be  remarked,  being  for  the  Russian  navy,  another  fact  which 
is  worthy  of  very  serious  consideration,  not,  however,  in  this 
case  particularly  by  British  engineei-s,  but  by  the  British  public 
generally.  Britannia  is  said  to  rule  the  waves.  If  she  wishes 
to  retain  that  sovereignty  she  must  keep  her  eyes  open  as  to  what 
is  being  done  by  those  who  would  dispute  it  with  her  if  they 
thought  they  had  any  chance  of  success. 

We   know   from  the   principles  of  thermodynamics  that  the 
efficiency  of  a  perfect  heat  engine  is  given  by  the  expression —    • 

Ti-To  T,-T«  T,-T, 

R   =        '         =        ~      =        - 

T,  T,  +  461-2  T,  +  274 

— the  first  form  of  the  expression  being  in  absolute  degrees  of 
temperature,  and  the  last  two  in  Fahrenheit  and  Centigrade 
degrees,  respectively.  Translated  into  words,  this  expression 
means  that  the  law  of  efficiency  is — that  the  heat  converted  into 
mechanical  work  is  to  the  whole  heat  received  as  the  range  of 
temperature  is  to  the  absolute  temperature  at  which  it  is  received. 
We  may  increase  the  range  of  temperature  either  by  raising  the 
temperature  at  which  the  heat  is  received  or  by  lowering  that  at 
which  it  is  rejected.  Various  attempts  have  been  made  with  this 
latter  object  in  view,  but  for  all  practical  purposes  we  may  consider 
the  temperature  of  the  condensing  water  as  the  lower  limit.  This 
is  generally  about  104°  F.,  or  40^*  C.  The  lower  limit  being  thus 
fixed,  the  only  thing  left  is  to  increase  the  initial  temperature. 
This  can  be  done  either  by  directly  superheating  the  steam,  or  by 
increasing  the  pressure  and  thus  also  raising  the  temperature. 
When  steam  of  low  pressure  was  employed  in  marine  engines  it 
was  not  unusual  to  superheat  it  to  a  considerable  degree  above  the 
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temperature  corresponding  to  the  saturated  condition ;  but,  now 
that  higher  pressures  have  become  common,  superheating  has  been 
ahnost  entirely  abandoned,  and  further  economy  is  now  attempted 
chiefly  by  raising  the  pressure  of  the  steam,  and  increasing  the 
number  of  cylinders  in  which  it  is  used.  The  difficulties,  or 
supposed  difficulties,  in  the  way  of  the  use  of  superheated  steam 
have  hitherto  prevented  its  application  to  any  great  extent ;  but, 
as  we  now  seem  to  have  almost  reached  the  limit  of  the  improve- 
ment of  engines  working  with  saturated  steam,  a  still  further 
improvement  would  be  obtained  by  moderate  superheating,  if 
engineers  seriously  took  the  matter  up.  My  object  at  present  is, 
however,  not  to  speculate  regarding  future  improvements,  but 
rather  to  explain  present  practice. 

Experience  very  soon  shows  us  that  the  law  of  efficiency  of 
perfect  heat  engines,  can  only  be  applied  to  actual  engines  with 
very  considerable  limitations,  as  various  causes  prevent  the 
advantages  of  high  pressures  being  available,  and  that,  even  beyond 
a  certain  point  depending  on  the  type  of  engine  employed,  such 
pressures  are  disadvantageous.  Experiments  show  that  the  economy 
of  steam-engines  does  not  necessarily  increase  with  the  increase  of 
the  pressure  of  the  steam,  and  of  the  rate  of  expansion,  and  that 
expansive  working  often  means  expensive  working.  When  the 
pressure  remains  constant  and  expansion  is  augmented,  at  tirst 
there  is  a  diminution  in  the  consumption  of  steam,  then  it  increases, 
and  for  each  pressure  there  is  ratio  of  expansion  which  gives  the 
maximum  efficiency;  and  it  may  be  stated  generally  that  in  all 
classes  of  engines  the  efficiency  depends  not  only  on  the  amount 
but  also  on  the  method  of  the  expansion. 

We  have  already  seen  that  this  is  accounted  for  by  the  action 
of  the  sides  of  the  cylinder  on  the  steam,  and  that  in  a  single- 
cylinder  engine  using  moderately  high-pressure  steam  and  consider- 
able expansion,  the  re-evaporated  steam  passes  into  the  condenser 
without  doing  useful  work  \  and  further,  that  in  ordinary  compound 
engines  this  is  largely  utilised  behind  the  low-pressure  piston. 
Even  in  the  latter  class  of  engines  there  was  considerable  amount 
of  loss  from  the  re-evaporated  steam  not  being  efficiently  used,  and 
when  pressure  rose  above  80  lbs.  on  the  square  inch  all  the  evils 
of  the  single  engine  began  to  reappear,  and  the  compound  engine 
required  to  be  compounded ;  that  is  to  say,  triple  expansion  engines 
became  necessary.  In  these  the  fall  in  the  temperature  is  divided 
among  three  cylinders,   the  amount  of  condensation  in  each  is 
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reduced,  and  what  takes  place  is  to  a  large  extent  utilised  during 
re-evaporation  behind  the  pistons  of  the  mean  and  the  low- 
pressure  cylinders.  For  higher  pressures  and  grades  of  expansion 
than  those  employed  in  triple  expansion  engines,  quadruple  or  even 
higher  expansion  engines  may  become  necessary.  As,  however,  the 
rate  of  the  increase  of  temperature  of  saturated  steam  decreases  as 
the  pressure  increases,  and  as  the  cost  of  the  construction  of  engines 
increases  with  the  pressure,  a  point  must  soon  be  reached  when 
the  increase  of  efficiency  of  the  steam  will  be  balanced  by  the 
increase  of  cost,  and  by  the  loss  of  efficiency  of  the  mechanism  from 
increased  friction — in  other  words,  when  theoretical  efficiency  is 
balanced  by  practical  losses.  This  point  can  only  be  determined 
by  pi'actical  experience. 

It  will  be  observed,  then,  that  the  triple  expansion  engine  is 
simply  an  arrangement  for  diminishing  waste  of  energy  by 
counteracting,  as  far  as  possible,  the  effects  of  the  sides  of  the 
cylinder  on  the  behaviour  of  the  steam.  The  study  of  its  action 
shows  how  necessary  it  is  to  understand  under  what  conditions 
the  received  laws  of  thermodynamics  hold  in  practice,  especially 
that  relating  to  the  efficiency  of  perfect  heat  engines,  as  well  as 
the  deductions  made  from  it  as  to  the  use  of  high  pressures  and 
rates  of  expansion.  Again,  we  are  often  told  in  the  ordinary 
text-books  that  in  a  compound  engine  the  work  done  in  a  stroke 
depends  on  the  size  of  the  large  cylinder,  and  is  the  same  as  would 
be  done  in  a  single  cylinder  of  the  same  contents  by  expanding 
to  the  same  amount  from  a  like  initial  pressure.  A  statement 
like  this,  without  further  explanation,  is  of  the  nature  of  a  half 
truth,  which  is  worse  than  an  error,  for  it  conceals  the  truth.  If 
it  were  literally  correct  for  actual  engines,  what  would  be  the 
necessity  for  ordinary  compound,  far  less  for  triple  or  quadruple 
expansion  engines?  We  have  seen  why  it  is  necessary  in  using 
high-pressures  to  divide  the  expansion  into  a  number  of  parts  in 
separate  cylinders,  proportionally  to  the  pressure.  When  we  look 
at  the  steam-engine  as  a  heat  engine,  we  are  placed  in  a  dilemma 
between  the  teachings  of  the  laws  of  thermodynamics,  as  usually 
stated,  and  of  experience.  With  low-pressure  steam  in  an  engine 
with  a  single  cylinder,  we  have  low  initial  temperature  and  conse- 
quently low  efficiency.  On  the  other  hand,  if  we  attempt  the  use 
of  high-pressure  steam  with  considerable  expansion  in  such  an 
engine,  we  have  a  great  amount  of  waste;  and,  consequently,  we 
are  compelled  to  increase  the  number  of  cylinders  in  which  the 
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steam  is  used — an  increase,  as  we  have  seen,  which  is  limited  by 
questions  of  cost  of  construction  and  efficiency  of  mechanism. 

The  use  of  the  steam  jacket  seems  to  have  varied  more  accord- 
ing to  the  fancies  of  constructors  than  from  clear  notions  of  its 
action.*  It  was,  as  I  have  already  remarked,  designed  by  Watt, 
but  it  is  not  known  what  ideas  he  held  as  to  its  effect,  us  he 
published  no  reasons  for  using  it,  except  that  of  keeping  the  steam 
as  hot  as  possible.  His  immediate  successors  certainly  did  not 
understand  it,  the  general  opinion  evidently  being  that  it  only 
served  to  prevent  radiation  from  the  external  surface  of  the 
cylinder,  and  as  the  jacket  presented  a  greater  surface  than  the 
cylinder,  reasoning  from  the  caloric  hypothesis  they  inferred 
that  it  was  not  only  unnecessary  but  wasteful,  and  its  use  was 
abandoned  to  a  great  extent  in  land  engines,  and  entirely  in 
marine  engines.  As  I  have  further  remarked,  to  John  Elder  is 
due  the  honour  of  having  reintroduced  the  use  of  the  steam  jacket 
in  the  latter  class  of  engines,  and  he  was  thus  able  to  prevent  a 
considerable  amount  of  the  initial  condensation  as  well  as  that 
caused  by  the  expansion  of  the  steam. 

The  beneficial  effect  of  the  steam  jacket  arises  from  the  fact  that 
it  prevents  condensation  of  the  steam  in  the  cylinder  by  imparting 
heat  to  it  through  the  sides  lof  the  cylinder,  thus  causing  con- 
densation to  take  place  in  the  jacket,  where  the  pressure  is  constant, 
instead  of  in  the  cylinder,  where  it  is  variabla  Its  action  is,  how- 
ever, more  complicated  than  is  generally  supposed.  It  not  only 
prevents  or  lessens  the  condensation  of  the  steam,  which  would  be 
caused  by  the  external  work  done,  but  it  also  modifies  in  a  great 
degree  the  action  of  the  sides  of  the  cylinder  by  reducing  the 
condensation  during  admission  and  increasing  the  evaporation 
during  expansion.  Tlie  advantage  from  the  use  of  the  steam 
jacket  varies  according  to  the  circumstances  under  which  it  is 
employed,  and  in  some  cases,  as,  for  instance,  when  low  rates  of 
expansion  are  used,  the  jacket  may  not  only  be  useless  but  wasteful. 
On  the  other  hand,  when  high  rates  of  expansion  are  used,  by 
preventing  the  temperature  of  the  cylinder  from  falling  much  below 
the  boiling  point,  corresponding  to  the  initial  pressure  of  the  steam, 
the  economy  resulting  from  the  action  of  the  jacket  is  considerable, 
the  work  developed  by  the  engine  being  increased  by  an  amount 
varying  from  15  to  25  per  cent,  of  what  would  be  developed 

*Sce  Paper  by  Author,  Trans.  Inst.  Eng.  Scot.,  1885. 
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without  the  jacket  But,  contradictory  as  it  may  seem,  the  use 
of  the  steam  jacket  (as  ordinarily  constructed)  is  a  violation  of  the 
fundamental  law  of  maximum  efficiency  of  heat  engines,  which 
requires  that  they  should  receive  all  their  heat  at  the  maximum 
and  give  it  out  at  the  minimum  temperature,  and  not  as  in  the 
case  of  an  engine  with  a  steam  jacket  some  of  it  at  temperatures 
between  these,  and  at  times  when  the  heat  imparted  lessens  the 
efficiency,  which  it  evidently  must  do  at  and  near  the  end  of  the 
stroke.  The  steam  jacket  must  thus  be  looked  upon  as  a  necessary 
evil,  justified  only  by  the  physical  properties  of  the  steam  and  of 
the  materials  hitherto  used  in  engines,  for,  while  it  increases  the 
work  done  by  the  expanding  steam,  the  increase  is  by  no  means 
so  great  as  it  would  be  if  the  heat  employed  in  the  jacket  steam 
had  been  applied  to  generate  more  steam  for  use  in  the  cylinder. 
Hence,  in  multiple  expansion  engines,  in  which  the  variation  of 
temperature  is  not  very  great,  steam  jackets  have  either  been 
wholly  or  pai-tially  omitted.  For  instance,  in  the  Aberdeen  the 
high-pressure  cylinder  is  not  jacketed,  the  second  is  jacketed 
with  steam  of  50  lbs.  pressure,  and  the  low-pressure  one  with 
steam  of  15  lbs.  above  the  atmosphere.  There  can  be  no  doubt 
that  if  the  jacket  were  always  kept  in  good  order  it  would  be  an 
advantage  to  have  it  on  all  the  cylinders;  but  at  sea  it  is  extremely 
doubtful  whether  jackets  do  not  very  often  do  more  harm  than 
good,  simply  because  they  are  not  kept  in  proper  order.  Apart 
from  their  primary  use,  jackets  are  very  convenient  for  heating  up 
the  cylinders  on  starting,  and  as  the  liners  are  now  always  cast 
separate  from  the  exterior  casing  they  have  the  further  advantage 
of  convenience  of  renewal  when  the  interiors  of  the  cylinders 
become  worn. 

There  is  a  considerable  amount  of  variation  in  the  proportions 
of  the  cylinders  of  multiple  expansion  engines.  The  objects  which 
the  designer  ought  to  keep  in  view  are  to  divide  the  power  exerted 
evenly  between  the  cylinders,  and  to  avoid  as  much  as  possible 
drop  of  pressure  when  the  steam  is  passing  from  one  cylinder  to 
another,  as  well  as  high  initial  pressure  on  the  cranks.  There 
are  a  number  of  variables  in  the  problem,  such  as  initial  pressure, 
total  ratio  of  expansion,  and  degree  of  admission  of  steam  in  the 
high-pressure  cylinder,  and  a  great  deal  depends  on  the  judgment 
of  the  engineer.  For  ordinary  compound  engines  the  ratio  of  the 
contents  of  the  cylinders  generally  varies  from  3i  to  4;  and  of 
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about  forty  triple  expansion  engines  the  following  are  the  mean 
proportions : — 

II.  p.  to  M.P.  M.p.  to  L.P.  H,P.  to  L.P. 

2-60  2-88  7-33 

— and  the  total  ratio  of  expansion  varies  from  8  to  1 2. 

There  are  many  different  ways  of  arranging  the  cylinders,  some 
of  which  have  been  already  mentioned.  The  main  thing  to  be 
kept  in  mind  fi*om  this  point  of  view  is  to  insure  that  there  shall 
be  nearly  uniform  twisting  moments  on  the  crank  shaft  The 
three-throw  crank  seems  the  best  suited  for  this  object,  and,  as 
already  mentioned,  for  moderate  power  the  type  of  engines  used 
in  the  Aberdeen,  with  each  cylinder  over  its  own  crank,  is  the 
best.  For  great  powei-s,  however,  it  would  not  be  advisable  to 
employ  this  type  on  account  of  the  unwieldy  dimensions  the 
low-pressure  cylinder  would  attain;  and  a  great  many  other 
arrangements  are  possible  from  which  the  designer  must  select, 
according  to  the  s|Xicial  conditions  of  the  engine  under  considera- 
tion, as  no  general  rule  can  be  laid  down  which  is  applicable  to 
all  cases. 

The  use  of  high-pressure  steam  in  marine  engines  was  retarded 
for  a  considerable  time  by  the  difficulty  of  preventing  a  large 
deposit  of  lime  in  the  boilers,  as  it  was  found  that  when  the 
pressure  had  risen  to  over  30  lbs.  on  the  square  inch  no  amount 
of  "blowing  out*'  would  prevent  a  deposit  which  soon  became 
dangeroua  The  surface  condenser,  although  its  use  at  first  pre- 
sented some  difficulties,  has  prevented  the  precipitation  of  much 
deposit,  and  made  the  employment  of  steam  at  the  highest 
pressures  we  have  named  possible.  Its  first  application  to 
marine  engines  was  made  by  Samuel  Hall  in  1837,  but  for  more 
than  20  years  after  that  date  it  made  little  progress.  Between 
1860  and  1865  a  sudden  demand  arose  for  surface  condensing 
engines.  By  that  time  the  inverted  direct-acting  marine  engines 
had  become  the  favourite  with  shipowners  and  engme-builders. 
In  these  the  condenser  was  at  first  formed  by  two  of  the  columns 
to  which  the  air-pumps  were  fitted.  The  surface  condenser,  how- 
ever, required  greater  space,  and  to  provide  this  the  condenser  box 
was  attached  to  one  set  of  the  columns,  on  the  interior  face  of 
which  the  guides  are  fitted. 

I  have  mentioned  that  Watt  opposed  the  use  of  high-pressure 
steam,  not  because  he  was  ignorant  of  the  increase  of  efficiency 
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which  would  result  from  it,  but  because  he  had  not  safficient 
confidence  in  the  materials  used  in  the  construction  of  boilers  and 
cylinders  to  withstand  the  pressure,  and  that  no  doubt  his  example 
had  a  great  effect  in  retarding  the  introduction  of  high-pressure 
steam,  as  men  did  not  exert  themselves  to  ascertain  whether  his 
opinions  were  justified,  or  if  they  were  to  improve  the  manufacture 
or  design  of  the  pai-ts  exposed  to  pressure.     For  many  years  the 
marine  boiler  contained  large  flat  surfaces  all  of  which  required 
staying,  and  they  were  only  suitable  for  pressures  not  exceeding  30 
lbs.  on  the  square  inch.     For  the  high  pressures  now  in  common 
use  some  form  of  the  cylindrical   boiler  is  genemlly  employed. 
For  engines  not  exceeding  500  I.H.P.  the  single-ended  boiler, 
made  with  two,  three,  and  sometimes  four  furnaces,  is  generally 
adopted,  while  for  larger  sizes  the  double-ended  boiler  is  chiefly 
used,  and  is  found  to  be  more  economical  than  the  single-ended  one. 
Many  other  modifications  and  special  designs  have  been  proposed, 
but  into  these  we  need  not  enter,  except  to  mention  the  locomotive 
type,  which  is  generally  employed  for  small  engines,  such  as  those 
made  for  gun  and  torpedo  boats,  in  which  it  is  necessary  to  reduce 
the  weight  of  the  boilers  and  of  the  water  in  them,  as  well  as  to  get 
a  large  power  out  of  a  small  boiler.     The  tubes  afford  a  large  amount 
of  heat-absorbing  surface,  and  the  fire-box  is  very  efficient.     The 
great  improvements  which  have  been  made  on  the  manufacture  of 
steel  and  on  the  manner  of  treating  it  have  enabled  engineers  to  pro- 
duce boilers  which  are  strong  enough  for  the  highest  pressures  yet 
employed,  without  departing  much  from  the  shapes  which  were  used 
for  lower  pressures,  and  which  have  the  advantage  of  simplicity  of 
construction  and  convenience  for  repairs.     In  order  to  increase  the 
efficiency  of  boilers,  many  attempts  have  been  recently  made  to  pro- 
duce an  artificial  draught,  and  there  can  be  no  doubt  that  when  these 
are  properly  designed  and  carried  out  there  is  considerable  economy 
of  fuel.     Into  the  details  of  these  methods,  as  well  as  the  improve- 
ments in  the  mechanism  and  propellers,  want  of  time  will  not  allow 
us  at  present  to  enter. 

Having  now  made  a  rapid  resume  of  the  progress  of  the  develop- 
ment of  the  marine  engine,  I  will  glance  shortly  at  a  few  of  the 
results  obtained.  The  most  exact  method  of  measuring  the 
efficiency  of  a  steam-engine  is  to  ascei*tain  the  number  of  units  of 
heat  expended  per  indicated  horse-power ;  or,  since  the  total  heat 
of  evaporation  does  not  increase  rapidly  with  the  increase  of 
pressure,  we  may  take  the  weight  of  steam  used  per  indicated 
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horse-power  instead  of  the  amount  of  heat.  This  is,  of  course, 
obtained  by  measuring  the  amount  of  feed-water,  and  for  land 
engines  many  experiments  of  this  kind  have  been  made.  The 
difficulty  of  making  such  experiments  with  marine  engines  is  so 
great  that,  as  a  rule,  their  efficiency  is  generally  measured  by  the 
weight  of  fuel  consumed  per  indicated  horse-power  per  hour.  In 
Smeaton's  early  engines  the  consumption  of  coal  was  nearly  30 
lbs.  per  indicated  horse-power  per  hour ;  in  his  later  ones  it  was 
reduced  to  about  18  lbs.  Watt  is  said  to  have  begun  with  8*3 
lbs.,  and  to  have  gone  on  to  2*7  lbs.  These  figures,  of  course,  all 
relate  to  land  engines.  The  old  side-lever  marine  engines,  with  a 
pressure  of  about  10  lbs.  on  the  square  inch,  consumed  about  7  lbs. 
of  coal  per  indicated  horse-power  per  hour.  For  engines  working 
with  a  pressure  of  30  lbs.  on  the  square  inch,  that  is  to  say,  almost 
all  engines  employed  about  1863,  the  consumption  of  coal  was  some- 
what over  4  lbs.  per  indicated  horse-power  per  hour,  a  figure  which 
might  be  taken  to  represent  the  average  for  simple  marine  engines. 
In  1872,  when  two-cylinder  compound  engines  had  been  in  use 
for  some  years,  it  was  found  by  Mr.  Bramwell  that  the  average  of 
19  ocean  steamers  was  about  2*11,  being  a  saving  of  nearly  50  per 
cent.;  and  in  1881  Mr.  Marshall  found  that  the  average  of  30 
steamers  was  1*828  lbs.,  or  a  further  saving  of  13*37  percent., 
while  in  the  triple  expansion  engines  which  have  been  introduced 
within  the  past  three  or  four  years,  the  consumption  has  been 
found  to  be  as  low  as  1  or  1^  lbs.  The  following  statement,  which 
was  recently  made,  will  show  the  economy  of  triple  expansion 
engines  in  a  more  striking  light : — "Two  large  passenger  steamers 
of  over  4,500  gross  tonnage,  having  engines  of  about  6,000  indi- 
cated horse-power,  built  of  the  same  dimensions,  from  the  same 
lines,  with  similar  propellers,  are  exactly  alike  in  every  respect, 
except  so  far  as  their  machinery  is  concerned.  One  vessel  is 
fitted  with  triple  expansion  engines  working  at  a  pressure  of  145 
lbs.  per  square  inch,  whilst  the  other  vessel  is  fitted  with  ordinary 
compound  engines,  working  at  a  pressure  of  90  lbs.  per  square 
inch.  £oth  vessels  are  engaged  in  the  same  trade,  and  steam  at 
the  same  rate  of  speed,  viz.,  12  knots  per  hour.  The  latter  vessel 
on  a  round  voyage  of  84  days  burns  1,200  tons  more  coal  than 
the  former."  It  is  needless  to  multiply  special  cases,  as  they  would 
all  show  that  triple  expansion  engines,  with  steam  of  150  or  160 
lbs.  on  the  square  inch,  use  from  20  to  30  per  cent,  less  fuel  than 
in  equally  good  ordinary  two-cylinder  compound  engine  of  equal 
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power,  and  working  under  similar  circumstances  with  steam  at  90 
or  100  lbs.  absolute  pressure. 

However,  the  following  remarks  by  the  President  of  the  North- 
East  Coast  Institution  of  Engineers  and  Shipbuilders  will  give 
some  idea  of  the  magnitude  of  the  question  of  economy  of  fuel  in 
steamships.     Speaking  of  the  mercantile  marine,  he  said,   ''  He 
would  for  convenience  divide  the  present  fleet  into  three  classes, 
that  thus  we  might  arrive  as  nearly  as  possible  at  a  knowledge  of 
its  present  condition,  and  that  the  shipowner  might  realise  his 
l)osition  and  what  he  had  to  face  to  put  his  fleet  in  order,  and  the 
shipbuilder  and  engineer  might  know  the  work  that  lies  before 
them.    The  first  class  included  all  boats  of  modem  type,  and  which 
might  be  thought  fairly  capable  of  earning  profits  for  some  time  to 
come,  although  not  fitted  with  triple  expansion  engines.     In  the 
second  class  he  included  those  boats  which  must  be  re-engined,  or 
have  their  engines  altered  to  triple  expansion  to  give  them  any 
chance  of  competing  favourably  with  the  more  modem  type  of 
boat.     In  the  third  class  were  those  boats  which  he  considered 
obsolete  and  not  worth  the  cost  of  altering.     For  the  first  class  he 
took  all  boats  built  since  1880,  although  there  are  comparatively 
few  of  them  with  triple  expansion  engines,  say  3,006,  amounting 
to  4,321,137  tons;  then  of  those  boats  built  from  1876  to  1880 
he  took  one-half  as  being  fairly  economical  and  not  needing  to  be 
altered  at  present,  say  791   boats,  amounting  to  952,709  tons; 
giving  a  total  of  3,797  boats  and  5,273,846  tons.     For  the  second 
class  he  took  the  balance  of  the  boats  built  from  1876  to  1880, 
all  boats  built  from  1871  to  1875,  and  25  per  cent,  of  those  built 
from  1866  to  1870,  making  a  total  of  2,573  boats,  amounting  to 
3,089,536  tons.     For  the  third  class  he  took  the  balance  of  those 
built  from  1866  to  1870,  equal  to  75  per  cent.,  and  all  before 
1866— making  a  total  of  1,519  boats  and  1,492,178  tons.     After 
remarking  that  these  figures  were,  of  courae,  only  approximate,  he 
went  on  to  say  that  it  was  with  the  second  class  he  proposed  to 
deal.     He  wished  to  arrive  approximately  at  the  amount  of  work 
to  be  done  to  those  2,573  boats,  and  the  cost  of  doing  it.     If  only 
one-half  needed  to  have  new  engines  and  high-pressure  boilers, 
that  would  give,  say,  1,286  boats,  with  a  gross  tonnage  1,544,768, 
which  he  estimated  would  cost  for  engines  and  boilers  £5,000,000; 
shipwork,  probably  £1,000,000;  cost  of  altering  the  engines  of 
the  other  1,287  boats,  including  new  boilers,  say,  £3,000,000; 
shipwork,  say,  £500,000— a  total  of  £9,500,000.      If  he  were 
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correct  in  his  premises  and  deductions,  this  amount  of  £9,000,000 
should  be  spent  at  once  on  these  2,573  boats,  or  they  would  have  no 
chance  of  competing  favourably  with  other  boats.'*  The  question 
was,  "Would  it  pay  % "  He  then  said : — "  I  estimate  the  engine  power 
of  these  2,573  boats  to  be  1,730,000  horse-power,  and  taking  the 
consumption  at  2 J  lbs.  \m  horse-power  per  hour,  and  allowing 
250  steaming  days  in  the  year,  we  have  a  total  consumption  of 
11,585,000  tons  of  coal;  but  let  us  reduce  this  to  10,000,000  tons, 
for  steamers  do  not  always  run  at  their  full  power,  and  then,  if  we 
take  a  saving  of  only  20  per  cent,  for  the  triple  expansion  engines, 
we  have  a  saving  of  2,000,000  tons  of  coal  per  annum,  which  may 
be  taken  on  the  average  as  worth  20s.  per  ton.  Now,  to  estimate 
the  true  advantage  to  be  gainetl  by  adopting  triple-expansion 
engines  and  high-pressure  boilers,  we  must  deduct  from  the  esti- 
mated cost  of  £9,500,000  the  amount  which  must  necessarily  be 
spent  on  new  boilers  and  shipwork  whether  the  engines  are  altered 
or  not,  and  this  we  cannot  put  at  less  than  £3,500,000,  for  it  is 
notorious  that  many  steamere  can  hardly  go  to  sea  again  without 
new  boilers  or  a  general  ovei'haul,  and  that  the  great  bulk  of  the 
steamers  I  am  now  dealing  with  must  have  very  considerable  sums 
spent  upon  them  within  a  very  short  time.  This  estimate  leaves 
a  balance  of  £6,000,000  as  the  cost  of  adopting  triple  expansion 
engines,  against  which  we  have  a  saving  in  fuel  of  £2,000,000; 
also  a  saving  in  wages,  as  there  would  be  2,000,000  fewer  tons  of 
coal  to  handle — surely  a  good  return  for  the  sum  expended."  I 
do  not  quote  those  figures  for  the  purpose  of  endorsing  the  details 
of  the  proposals  made,  but  simply  to  give  some  idea  of  the  amount 
of  saving  which  would  i-esult  if  all  the  marine  engines  at  present 
in  use  were  of  the  most  economical  type. 

The  weight  of  the  engines  and  boiler  on  board  a  ship  has  a 
considerable  influence  on  its  commercial  efficiency,  or  the  profits 
which  it  yields  to  its  owneis,  so  that  it  is  not  sufficient  to  consider 
economy  of  fuel  by  itself,  for  if  that  is  obtained  by  a  sacrifice  of  space 
or  a  great  additional  weight  the  commercial  efficiency  of  the  ship 
may  be  reduced.  Ft  is  stated  that  every  ton  of  deadweight  capacity 
is  worth  on  an  average  £10  per  annum  for  earning  freight,  that  is  to 
say,  that  every  100  tons  saved  from  the  weight  of  the  engines  and 
boilers,  without  increasing  the  cost  of  working,  is  equivalent  to 
£1000  a  year  additional  income  to  the  owners.  It  is  difficult  to 
get  exact  figures  showing  the  relation  of  weight  of  machinery, 
including  engines,  boilers,  water,  and  all  fittings  ready  for  sea,  in 
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poands  per  indicated  horse-power,  but  the   following  figures  by 
Mr.  Marshall  of  Newcastle  give  a  near  approximation  : — 


Merp^ant  Steaxncra, 

XvOjfcM  S\ oV Yy  •••  •••  •••  •••  ••• 

Engines  specially  designed  for  light-draught  vessels, 

Royal  Navy,  "  Polyphemus  "  class,       

Modern  Locomotive,  

Torpedo  Vessels, 


Ordinary  Marine  Boilers,  including  water, 
Locomotive  Boilers,  including  water,    ... 


Lbs.  per  I. H. P. 
480 
360 
280  • 
205 
140 
60 

196 
60 


Mr.  Marshall  adds — **  In  view  of  the  commercial  considerations 
before  mentioned,  in  regard  to  merchant  steamei's,  these  figures 
confirm  the  idea  tliat  the  weight  of  machinery  on  board  such 
vessels  has  not  received  the  attention  its  importance  demands." 

The  weight  of  marine  engines  may  be  decreased  by  improving 
their  efficiency  as  machines — that  is  to  say,  by  increasing  the  ratio  of 
the  indicated  horse-power  to  the  eflfective  power  given  oflf  at  the 
crank.  This  is  done  by  reducing  the  friction  of  the  moving  parts. 
Unfortunately,  we  know  little  of  the  efficiency  of  marine  engines 
considered  as  machines  by  direct  experiment,  and  it  is  to  be  feared 
that  some  of  the  apparent  economy  derived  from  recent  improve- 
ments in  the  use  of  the  steam  is  spent  in  overcoming  the  friction 
or  internal  resistance  of  the  mechanism.  As  we  have  seen,  the 
ordinary  method  of  measuring  the  performance  of  a  marine  engine 
is  by  ascertaining  the  weight  of  fuel  used  per  indicated  horse- 
power per  hour;  and  this  includes  a  measure  of  the  economy  not 
only  of  the  engine  as  a  heat  engine,  but  also  of  the  efficiency  of  the 
boiler  and  of  the  mechanism,  the  quality  of  the  fuel  and  the  ability 
of  the  fireman,  and  no  direct  measurements  are  made  of  the  actual 
power  given  off  at  the  crank  shaft.  Some  of  the  modem  forms  of 
marine  engines  are  well  designed  for  reducing  the  amount  of  work 
spent  in  friction,  but  in  others  the  point  is  very  much  overlooked, 
and  if  experiments  were  made  to  determine  their  efficiency  their 
makers  and  owners  would  be  very  much  startled  at  the  results. 
We  might  have  two  engines  using  the  same  amount  of  fuel  per 
indicated  horse-power  per  hour,  but  if  the  efficiency  of  the 
mechanism  of  the  one  was  much  greater  than  that  of  the 
other,  the  actual  horse-power  of  the  two  engines  would  be  very 
different  The  modem  marine  engine  is  in  such  a  stage  that  the 
comparison  of  ordinary  compound  with  triple  or  quadruple  ex- 
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pansion  engines  in  the  manner  in  which  it  is  usually  done  is  very 
apt  to  lead  to  wrong  conclusions^  as  we  require,  in  addition,  tests 
of  the  efficiency  of  the  mechanism. 

Increased  piston  speed  is  another  characteristic  of  the  modem 
marine  engine  which  leads  directly  to  economy  of  weight  in  the 
engines,  as  the  power  developed  is  proportional  to  the  speed  of 
the  piston,  and  as  the  weight  is  not  affected  by  the  increased  speed 
to  any  great  extent.  In  the  early  marine  engines  from  150  to  200 
feet  per  minute  were  the  average  piston  speeds;  now  from.  600  to 
800  feet  per  minute  are  common.  In  order  that  high  speeds  may 
lie  safely  and  economically  employed,  it  is  necessary  that  the 
moving  parts  should  be  carefully  balanced,  the  steam  passages 
and  ports  carefully  proiwrtioned,  the  bearing  surfaces  ample,  and 
provision  be  made  for  a  thorough  system  of  lubrication. 

Time  will  not  permit  us  to  enter  into  further  details  at  present, 
but  enough  has  been  said  to  show  that  the  development  of  the 
steam-engine  has  followed  that  order  which  holds  not  only  in  the 
animal  and  vegetable  kingdom,  but  also  in  the  domain  of  social 
science.  The  law  of  evolution  as  applied  by  Herbert  Spencer  to 
social  progress  is  enunciated  by  him  in  the  following  words: — 
"  Evolution  is  a  change  fro^n  an  indefinite  incoherent  Jiomogeneity 
to  a  definite  coherent  heterogeneity/,  throicgh  continiwus  differentia- 
tions and  integrations.^*  This,  when  translated  into  every-day 
language,  and  applied  to  the  steam-engine,  simply  means  that  in 
its  early  stages  it  consisted  of  few  parts  or  organs,  and  that  each 
of  these  performed  several  distinct  functions,  that  it  gradually 
proceeded  with  increasing  complexity  of  construction  from 
indefiniteness  to  definiteness  and  certainty  in  the  actions  of  its 
parts,  accompanied  by  an  increase  in  the  number  of  those  parts, 
but  at  the  same  time  the  whole  becoming  more  compact  and 
more  easily  managed.  The  conditions  attending  its  development 
are : — 

1st.  That  the  fuel  be  efficiently  used,  and  the  heat  produced 
efficiently  applied  to  the  production  of  steam. 

2nd.  That  it  receive  all  its  heat  at  the  highest,  and  reject  it  at 
the  lowest  possible  temperature. 

3rd.  That  its  design  be  specially  adapted  to  tlie  use  for  which 
it  is  to  be  employed. 

4th.  That  the  best  disposition  and  grouping,  and  the  most 
advantageous  proportions  of  the  cylinders,  and  the  highest  piston 
■peed  consistent  with  safety,  be  adopted. 
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5th.  That  the  mechanical  details  of  the  working  parts  be  suited 
to  their  special  purposes  and  correctly  proportioned. 

These  conditions,  with  the  exception  of  the  first  and  second, 
are  all  fairly  well  attended  to  in  ordinary  designs.  Enormous 
quantities  of  fuel  are  still  wasted  by  not  taking  advantage  of  the 
known  laws  of  combustion,  and  while,  although  the  thermodynamic 
conditions  of  efficiency  are  gradually  being  attended  to,  it  has 
taken  nearly  forty  years  from  the  time  that  those  conditions  were 
first  enunciated  to  reach  the  present  state  of  efficiency,  and  only 
after  an  enormous  waste  of  time  and  money.  If  any  one  should 
take  the  trouble  to  calculate  what  might  have  been  saved  if,  as 
the  result  of  a  well  designed  series  of  experiments,  combined  with 
what  was  then  known  of  the  fundamental  laws  of  thermodynamics, 
engines  had  been  made  to  work  as  economically,  say  30  years  ago, 
as  we  know  they  can  be  made  to  work  now,  he  would  find  that  the 
amount  would  go  a  long  way  towards  liquidating  the  National 
Debt.  In  view  of  the  prospect  of  the  comparatively  near  exhaustion 
of  our  coal-fields,  the  question  of  economy  of  fuel  is  one  which 
afiects  the  very  existence  of  the  nation.  Even  now,  such  ex{)eri- 
ments  as  I  have  mentioned  are  much  wanted,  the  question  to 
decide  is — "Who  is  to  undertake  them?" 
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Catalogue  of  some  of  the  chief  works  relating  to  tlie  Steaui- 


Engine : — 


Date. 

1629. — Branca,     La  Machine. 

1663. — Marquis  of  Worcester's  Century  of  Inventions.  Several 
other  editions. 

1695. — Papin.     Recueil  de  Pieces. 

1702,— Savary.     The  Miner's  Friend. 

1704.— 2>«  Cans.  New  Invention  of  Water  Works.  Translated 
from  the  French  edition  of  1657. 

1730. — John  Allen.  Narrative  of  several  new  Inventions  and 
Experiments,  particularly  the  Navigating  a  Ship  in  a 
Calm. 

1737. — Hull.  Description  of  a  new  invented  Machine  for  carry- 
ing Vessels  or  Ships  out  of  or  into  any  harbour,  port, 
or  river  against  wind  and  tide. 

1763. — Besafjulitr's  Course  of  Experimental  Philosophy. 

1774. — BlaJcey,     Sar  les  Pumpes  k  feu. 


Jo  I'uuo^jphiad  Hocietif  of  Glctsgoic. 

1780. — LempoUL    Theatnim  Machinamm  Genenle. 

1782L — B^Mdar.    AichitcGtare  Hydranlique. 

1786. — B<»mU.  Traite  Theoriqne  et  Experimental  d'HydroclvDa- 
miqne. 

1790. — Prony,    Xouvelle  Architecmrc  Hydrauliqoe. 

BcmlUmtoA  Haf<>DirectioiiB  for  erecting  their  new  inrentcJ 
.Steam-Engine. 

1793. — BlaJUy.  A  short  Historical  account  of  the  Invention, 
Theor>-,  aod  Practice  of  Fire  Machinery;  or,  introduc- 
tion to  the  art  of  making  Machines,  vulgarly  called 
Steam-Engines. 

1797. — .imeaion's  Reports. 

1797. — Curr's  Coal  Viewer  and  Engine  Builder. 

1797.— IFottrr'*  System  of  Philosophy. 

1816. — Buchanan  on  Propelling  Vessels  by  Steam. 

ISlS.—Dodd  on  Steam  Packets. 

1822. — Pariifujion,  Historical  and  Descriptive  Account  of  the 
Steam-Engine. 

\9/2A,—StuarV4  History  of  the  Steam-Engine. 

1824. — Sadi  Caniot.     Reflexions  sur  la  puissance  motrice  du  feu. 

1827. — Forty.  A  Treatise  on  the  Sceam-Enginc :  historical, 
descriptive,  and  practical. 

1896.  —OaUoiray  {B.),    History  of  the  Steam-Engine. 

1836. — Pambour.     New  Theory  of  the  Steam-Engine. 

1839. —        ,,  Practical  Treatise  on  Locomotive  Engines. 

1841. — Scolt  Bussell,  J.  Nature,  Properties,  and  Application  of 
Steam. 

1841. — Scolt  Russell,  J.    Treatise  on  Steam  Navigation. 

1844. — PoU,  W.    Treatise  on  the  Cornish  Engine. 

1847. — Alban.     The  High-Pressure  Steam-Engine. 

1847. — Craddick,    Chemistry  of  the  Steam-Engine. 

1848. —  Woodcroftt  B.  A  Sketch  of  the  Origin  and  Progress  of 
Steam  Navigation. 

1848. — Rtnwick,    Treatise  on  the  Stcam-Enginc. 

1849. — Hodge,  (P,  B.J,     The  Expansive  Steam-Engine. 

1850. — Tredgold,  T.  The  Steam-Engine  :  its  progressive  and 
present  state  of  impix>vement. 

1851. —  Woodcroft.  The  Pneumatics  of  Hero  of  Alexandria. 
Translation  fi*om  the  Greek. 

1851. — Lardner,  Dr.  The  Steam-Engine  ;  Steam  Navigation  ; 
Railways. 

1852. — Bourne.     Treatise  on  the  Screw  Propeller. 

\S5i.—Muirhead,  J.  P.  Origin  and  Progress  of  the  Mechanical 
Inventions  of  James  Watt. 

1857. —  WestcoU.  Life  of  John  Fitch  the  inventor  of  the  Steam- 
boat. 

1859. — Ranhine,  W.  J.  M.  The  Steam-Engine  and  other  Prime 
Movers.     Several  later  editions  have  been  published. 

1860.  — Ctorit,  2>.  A'.     Railway  Locomotives. 
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1860. —Cfer/;  and  Colburn,     Recent  Practice  on  the  Locomotive 

Engine. 
1 861 .  — A rmengaud,  A .     Traitc  Theorique  et  Pratique  dea  Moteurs 

a  Vapeur. 
1862. — Him,  O.  A.     Exposition  Analytique  et  Experinientale  de 

la  Theorie  Mecanique  de  la  Chalear. 
1866.— A'anline,     W.    J.    M.      Shipbuilding,    Theoretical    and 

Practical. 
\S1Q.— Bourne.     Treatise  on  the  Steam- Engine.     The  first  edition 

was  published  in  1846. 
1876. — Clausius.      Die    Mechanische    Warmetheorie.     Translated 

into  French  and  English. 
1876. — Tideman.     Memorial  van  de  Marine. 
1877. — Zeuner.      GrundzUge    der    Mechanischen    Wiirmetheoric. 

Translated  into  French. 
IS7S.— Thurston y  /?.  //.     History  of  the  Growth  of  the  Steam- 

Engine. 
1878. — CotteriUy  J.  II.    The  Steam-Engine  considered  as  a  Heat 

Engine. 
1881. — Galloway y  R.  L.     The  Steam-Eogiue  and  its  Inventors. 
1832. — LedieUj  A.     Nouvelle  Theorie  Elementaire  des   Machines 

c\  Feu. 
ISS2.— White,  W.  H.     A  Manual  of  Naval  Architecture. 
1882.— 5e?ine/^  R.     The  Marine  Steam-Engine. 
1883. — SeaXon,  A.  E.     A  Manual  of  Marine  Engineering. 
1885. — Busley,  C.     Die  Shifbmaschine. 
1886. — Bienaymi,  A.  T.  H.     Les  Machines  Marines. 

The  following  papers  may  be  referred  to  for  a  more  detailed 
account  of  recent  progress  in  marine  engines  : — 

Bramtoell. — On   the    Progiess  Eflfected  in   Economy  of   Fuel   in 

Steam  Navigation.     Proc.  Inst.  Mech.  Eng.,  1872. 
Marshall. — On  the   Progress  and   Development  of    the   Marine 

Engine.     Proc.  Inst.  Mech.  Eng.,  1881. 
Parker. — On  the  Economy  of  Compound  Engines.     Trans.  Inst. 

Nav.  Arch.,  1882. 
Kirk. — Engines  of  the  s.s.  Aberdeen.     Trans.  Inat.  Nav.  Arch., 

1882. 
Parker.— On  the  Progress  of  Marine  Engineering.     Trans.  Inst. 

Nav.  Arch,,  1886. 
Dyer. — On  the  Present  State  of  the  Theory  of  the  Steam-Engine, 

and  some  of  its  bearings  on  Current  Marine  Engineering 

Practice.     Trans.  Inst.  Eng.  Scot.,  1885. 
Wyllie. — Triple  Expansion  Engines.     Trans.  Inst.    Mech.    Eng., 

1886. 
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IL — On  Abbe*s  Apoehromatic  Micro-Object  ires  mid  Compensating 
Ey€'pieee$,  made  of  the  new  Optical  Glasses  in  the  Works  of 
Dr. Carl  Zeiss  in  JenOy  with  some  general  remarks  on  Object 
Glasses.     By  Adolf  Schulze. 


[Read  before  the  Society,  17th  November,  1SS(>.] 


It  is  at  the  request  of  Dr.  M'Kendrick  that  I  come  here  this 
evening  in  order  to  call  your  attention  to  an  important  advance 
which  has  quite  recently  been  made  in  the  construction  of  micro- 
scopical objectives,  an  advance  which  is  a  matter  of  the  greatest 
possible  interest  and  gratification,  not  only  to  the  microscopist, 
but  to  many  others  besides;  because  the  means  by  which  this 
improvement  has  been  attained  are  equally  applicable  to  the  con- 
struction of  telescopes,  photographic  lenses,  spectroscopes,  and,  in 
fJACt,  to  the  construction  of  nearly  all  optical  instruments.  I  refer 
to  the  invention  of  new  kinds  of  optical  glasses,  which  permit, 
firstly,  of  the  almost  complete  correction  of  the  spherical  aberra- 
tion of  lenses,  as  far  as  their  curvatures  will  permit;  and,  secondly, 
of  the  correction  of  the  chromatic  aberration  by  the  elimination 
of  the  soK^ed  secondary  spectrum. 

Those  of  you  who  have  followed  the  improvements  in  the  con- 
struction of  the  microscope  during  the  last  ten  years  will  ])e  aware 
that  they  are  nearly  all  due  to  the  genius  of  Dr.  Ernest  Abbe, 
Professor  in  the  University  of  Jena,  now^  the  first  living  authority 
on  microscopical  optics,  and  who,  in  the  execution  of  his  inventions, 
is  most  ably  seconded  by  the  eminent  optician.  Dr.  Carl  Zeiss.  It 
was  Professor  Abbe  who  gave  us  a  few  years  ago  his  now  famous 
theory  of  the  formation  of  the  microscopical  image  by  difi&action 
spectra,  a  theory  which  is  easily  proved  by  a  series  of  experiments 
which  are  among  the  most  interesting  and  fascinating  in  the 
domain  of  experimental  optics ;  and  it  was  Abbe  who  introduced 
lucid  mathematical  expressions  of  the  relations  of  aperture,  resolv- 
ing power,  and  penetration;  in  fact,  it  was  he  who  brought  light 
where  formerly  there  had  been  nothing  but  confusion  and  dark- 
ness. It  was  Abbe  also  who,  about  seven  years  ago,  invented  the 
objectives  for  homogeneous  immersion ;  and  now  we  have  to  thank 
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bim  for  his  Apochromatics,  by  far  the  best  lenses  ever  constructed, 
and  which  are  destined  to  supersede  ultimately  all  other  micro- 
objectives  previously  made. 

The  Micro-objective  is  the  most  essential  part  of  the  microscope. 
It  is  that  lens  or  combination  of  lenses  which  is  nearest  to  the 
object,  and  forms  of  it  an  enlarged,  inverted,  and  reversed  image, 
which  is  again  further  enlarged  by  the  ocular  or  eye-piece.  The 
eye-piece,  however,  cannot  bring  out  or  resolve  any  more  details 
of  the  object  than  the  objective  has  transmitted  to  it;  it  can  only 
magnify  these  details  still  more.  A  good  Micro-objective  is  a 
system  of  lenses,  consisting  often  of  as  many  as  twelve,  which  are 
composed  of  crown  and  flint  glasses,  and  are  ground  to  certain 
spherical  curves.  The  following  are  the  relative  qualities  of  a 
Micro-objective: — First  of  all,  its  defining  power  or  definition,  which 
depends  upon  the  more  or  less  perfect  con-ection  of  the  spherical  and 
chromatic  aberrations;  secondly,  the  resolving  power,  or  the  power  to 
separate  and  make  visible  close  structural  details,  surface-markings, 
bands  of  lines  and  gratings,  and  this  resolving  power  is,  as  Abbe  has 
shown  us,  dependent  upon  the  aperture  of  the  lens,  which  is  the 
power  to  collect  and  transmit  a  smaller  or  larger  cone  of  rays 
from  the  object  to  the  eye-piece;  thirdly,  the  penetrating  power 
or  focal  depth,  which  consists  of  the  vertical  range  through  which 
parts  of  an  object  of  different  planes  can  be  seen  at  the  same  time. 
As  the  penetrating  power  decreases  inversely  with  the  square  of 
the  resolving  power,  it  follows  that  narrow-angled  lenses  possess 
far  greater  penetration  than  wide -angled  ones,  which  latter  possess 
very  little.  The  fiatness  is  that  quality  of  a  lens  which  admits  of 
the  image  being  seen  with  the  same  distinctness  in  the  centre  as 
at  the  margin  of  the  field,  without  any  readjustment  of  the  focus. 
The  working  distance  has  no  fixed  relation  to  the  focal  length, 
because  all  compound  objectives  are  stated  by  their  equivalent 
focal  lengths — i.e.,  by  the  focal  lengths  of  single  lenses  possessing 
the  same  magnification.  Wide-angled  lenses  have  shorter  working 
distances  than  lenses  of  narrow  angles ;  the  working  distance  for 
some  of  the  dry  high-power  objectives,  such  as  the  ^jfin,,  being  for 
instance  onlv  '003  inch. 

A  good  objective  should  combine  all  the  foregoing  qualities  in 
the  greatest  degree  compatible,  but  for  special  purposes  some  of 
these  qualities  may  have  to  be  sacrificed  to  others,  though  the  defini- 
tion should  never  be  sacrificed.  As  I  shall  have  to  speak  a  good 
deal  of  spherical  and  chromatic  aberration,  I  may  as  well  state 
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here  that  the  spherical  aberration  is  that  optical  imperfection  of  a 
spherical  lens  which  brings  the  rays  passing  through  its  marginal 
zone  sooner  to  a  focus  than  the  rays  passing  through  its  central 
part,  so  that  the  focus,  instead  of  being  a  point,  becomes  a  short 
line.  The  chromatic  aberration  arises  from  the  unequal  re- 
frangibility  of  tlie  several  coloured  itiys  which  make  up  white  or 
uncoloured  light,  so  that  they  are  not  all  brought  to  the  same 
focus  even  by  a  lens  free  from  spherical  aberration.  Lenses  act 
like  prisms  and  disperse  the  light  into  a  spectrum,  the  violet  and 
blue  rays  of  whicli  fall  within  the  principal  focus,  whilst  the  i-ed 
being  the  least  refiangible  rays  fall  somewhat  beyond  it. 

Since  Professor  Abl)e  formulated  the  expression  of  Numerical 
Aperture — by  which  is  understood  the  product  of  the  sine  of  the 
semi-aperture  of  a  Micro-objective  and  the  refractive  index  of  the 
medium  in  which  its  front  lens  is  immersed,  be  that  medium 
either  air,  water,  glycerine,  or  oil, — the  vast  superiority  of  wide- 
angled  immersion  lenses  over  the  so-called  dry  lenses  of  high 
powers  has  been  at  once  demonstrated,  opinions  formerly  differing 
greatly  regarding  the  respective  merits  of  dry  and  immersion 
lenses.  No  dr^'  front  lens  can  collect  image  forming  rays  from  a 
radiant  in  balsam,  or  a  similar  refractive  medium,  making  a 
greater  angle  than  about  82  degrees;  nor  can  an  immersion  lens 
do  so  if  the  radiant  is  in  air  or  mounted  dry.  because,  according  to 
the  law  of  total  reflection,  no  ray  of  light  can  pass  from  air  into 
crown  glass  and  through  it  if  the  angle  of  incidence  is  41  degrees 
or  more,  but  is  reflected  out  again  under  the  same  angle,  the  sum 
of  the  angles  of  incidence  and  i-efleetion  with  the  normal  being 
about  82  degrees.  This  is  a  principle  that  is  made  much  use  of  in 
microscopical  illumination,  especially  for  the  illumination  of  objects 
on  dark  ground.  The  power  of  a  microscope  is  not,  as  is  popularly 
supposed,  its  mere  magnifying  power,  but  its  power  of  sliowing 
surface  markings,  structural  details,  and  separating  or  resolving 
closely-niled  bands  of  lines  with  the  best  definition  possible.  This 
power  of  showing  detail,  or  the  resolving  power  of  an  objective,  is  a 
direct  function  of  the  numerical  ajwrture.  The  greater  the  angle, 
or  rather  the  sine  of  the  angle,  of  the  rays  proceeding  from  the 
radiant  or  object  into  the  front  lens,  and  the  greater  the  refractive 
index  of  the  medium  intervening  between  the  anterior  lens  of  the 
objective  and  this  radiant,  the  greater  is  the  resolving  power, — 
equal  corrections  of  the  spherical  and  chromatic  aberration  being 
assumed.      A   lens    magnifying,   say,    only   one-tenth   as    many 
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times  as  another  may  be  more  powerful  than  it  by  virtue  of  the 
greater  numerical  aperture  which  it  possesses,  and  will  be  capable 
of  showing  details  which  the  more  highly-maguifying  lens  of  smaller 
aperture  is  unable  to  resolve.  The  aim  in  Microscopy  is  not  to 
magnify  and  amplify  as  many  times  as  possible,  but  to  see 
minute  details  clearly  with  as  little  magnification  as  practicable  ; 
mere  magnification  being  easily  obtained  at  the  other  end  of  the 
tube  by  high  eye-piecing,  provided  the  objective  is  so  well  corrected 
that  it  does  not  break  down  under  the  strain  of  deep  oculars. 

I  referred  to  the  Abbe  diffraction  theory  of  the  formation  of  the 
microscopical  image,  the  substance  of  which  is  simply  this  that  the 
diffraction  images  produced  by  the  passage  of  the  rays  of  light 
through  closely  approximated  lines  or  structures  have  a   most 
important  share  in  the  formation  of  microscopical  images,  it  being 
formerly  assumed  that  these  were  solely  produced  in  accordance 
with  the  laws  of  refraction,  or  in  other  words  that  they  were  mere 
dioptric  images.     This,  however,  is  only  the  case  within  a  certain 
limit,  and  both  Professors  Abbe  and  Helmholtz  have  found  by 
theoretical  researches  that  no  amount  of  magnifying  power  can 
separate  or  resolve  markings  or  details  which  are  more  than  the 
^^i^th  of  an  inch  apart,  and  that  these  are  solely  imaged  by  their 
diffraction  spectra.    The  objective  has  therefore  not  only  to  transmit 
the  dioptric  beam,  but  it  has  also  to  collect  the  diffraction  spectra, 
and  as  these  difiraction  spectra  fall  the  wider  apart  the  closer  the 
lines  are  which  produce  them,  it  becomes  evident  that  an  objective 
must  be  capable  of  collecting  a  sufficient  number  of  these  spectra 
if  the  object  is  to  be  truly  imaged.     It  is  further  evident  that 
different  objects  may  produce  identical  microscopical  images,  and 
that  the  same  structure  may  produce  different  microscopical  images 
if  these  objects  are  viewed  with  lenses  of  different  apertures.     I 
will  give  you  just  one  illustration  of  this  theory.     Suppose  you 
place  on  the  stage  of  your  microscope  a  grating  consisting  of  fine 
parallel  lines,  every  alternate  line  stopping  short  in  a  horizontal 
line  drawn  through  the  centre,  in  other  words,  two  gratings,  of 
which  the  upper  one  has  only  half  as  many  lines  per  inch  as  the 
lower  one,  and  you  focus  these  gratings  with  a  suitable  objective. 
By  removing  the  eye-piece  and  looking  into  the  tube  of  the  micro- 
scope you  will  perceive  at  the  back  lens  two  rows  of  spectra,  each 
having  a  central  circle  of  bright  and  colourless  light  the  dioptric 
beams,  and  the  oval  spectra  with  their  blue  ends  directed  towards 
the  centre  arranged  laterally.     The  upper  row  contains  twice  as 
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many  spectra  as  the  lower  one,  and  corresponds  with  the  wide 
grating;  the  lower  roV  contains  only  half  as  many  spectra  as  the 
upper  one,  and  corresponds  with  the  narrow  grating.  By  inserting 
at  the  back  lens  of  the  objective  a  grate-shaped  diaphragm,  the 
bars  of  which  stop  out  every  alternate  diffraction  spectrum  of  the 
line  of  close-lying  spectra,  and  by  replacing  the  eye-piece,  you  will 
find  on  looking  through  it  that  you  have  altered  the  appearance  of 
the  object,  and  that  those  lines  which  actually  stop  short  in  the 
horizontal  diameter  of  the  field  appear  now  as  continuous,  and 
that  the  whole  field  appears  as  one  grating  of  close  lines.  The 
explanation  of  this  is  that  you  have  now  two  rows  containing  the 
same  number  of  identical  difiraction  spectra  which  necessarily 
yield  identical  pictures  in  the  eye-piece.  If,  on  the  other  hand, 
the  diffraction  spectra  are  all  stopped  out-,  allowing  only  the  two 
dioptric  images  to  pass,  it  will  be  found  on  looking  through  the 
eye-piece  that  the  grating,  which  must  be  finer  than  .^^^^^th  inch, 
has  disappeared  or  become  invisible.  By  manipulating  the 
diffraction  spectra  and  the  dioptric  beams  of  more  complex 
structures  their  appearances  may  be  greatly  varied,  and  no  one 
who  has  once  tried  these  beautiful  experiments  can  doubt  the 
correctness  of  Abbe's  theory  that  microscopical  structures  of 
greater  fineness  than  the  Tj-jViyth  inch  are  solely  imaged  by  their 
diffraction  spectra. 

As  previously  stated,  the  resolving  power  is  a  function  of  the 
numerical  aperture.  Mr.  J.  W.  Stephenson  has  computed  a  most 
useful  table,  which  is  regularly  published  on  the  covers  of  the 
Journal  of  the  Royal  Microscopical  Society.  This  table  gives,  for 
130  different  numerical  apertures  ranging  from  -05  to  1*52,  the 
corresponding  angular  apertures  of  dry,  water,  and  homogeneous- 
immersion  lenses,  and  the  number  of  lines  per  inch  which  objectives 
of  these  numerical  apertures  can  resolve  by  white  and  by  mono- 
chromatic light,  as  also  the  number  of  lines  which  these  lenses 
will  photograph,  this  latter  number  being  about  30  per  cent,  in 
excess  of  the  lines  they  can  resolve  by  white  light.  By  measuring 
the  aperture  of  any  objective,  which  is 'done  with  an  apertometer 
such  as  Abbess,  and  by  referring  to  Stephenson's  tables,  one  can 
find  at  a  glance  the  number  of  lines  this  lens  is  theoretically  able 
to  resolve  or  to  photograph,  and  in  our  best  objectives  the  actual 
result  falls  very  little  short  of  the  theoretical  limit. 

The  greatest  improvements  in  the  construction  of  Micro-objectives 
during  the  last  six  years,  that  is  to  say,  since  the  introduction  of 
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the  homogeneous-iminersion  system,  have  nearly  all  tended  in  the 
direction  of  the  increase  of  the  numerical  aperture,  which  has  been 
advanced  from  1  *2  to  1  *5  in  homogeneous-immersion  lenses,  and  we 
have  thus  almost  reached  the  theoretical  limit  It  is,  however,  very 
doubtful  whether  by  going  beyond  1  '3  or  1  '4  with  the  numerical 
aperture  anything  further  can  be  gained;  certain  it  is,  on  the  other 
hand,  that  by  going  beyond  these  values  the  working  distances  of 
lenses  become  reduced  to  impracticably  short  dimensions,  and  con- 
sequently the  range  of  objects  upon  which  such  lenses  can  be 
brought  to  bear  is  very  limited,  whilst  the  difficulties  of  con- 
struction and  the  expense  connected  with  the  production  of  lenses 
of  extreme  apertures  become  greatly  enhanced.  The  loss  of 
penetrating  power,  which  decreases  with  the  square  of  the 
numerical  aperture,  is  also  a  very  serious  drawback  in  lenses  of 
extremely  wide  apertures.  Professor  Abbe  long  ago  recognized 
that  by  pushing  the  aperture  of  objectives  beyond  its  legitimate 
limit,  no  adequate  advantages  could  be  obtained ;  and  he  therefore 
directed  his  attention  to  the  attainment  of  superior  definition,  or 
the  better  corrections  of  the  spherical  and  chromatic  aberrations. 
Unfortunately,  with  the  means  at  the  command  of  opticians — viz., 
with  the  crown  and  flint  glasses  then  in  use,  this  was  not  possible, 
and  new  optical  media  had  first  to  be  found  before  further  im- 
provements could  be  attained  In  1881,  Dr.  Abbe  induced 
Dr.  O.  Schott,  of  Witten  in  Westphalia,  a  chemist  of  great  ex- 
perience in  the  manufacture  of  glass,  to  make  for  him  numerous 
small  quantities  of  experimentally-produced  glasses,  and,  as  these 
experiments  bore  germs  of  promise.  Dr.  Schott  removed  in  1882 
to  Jena,  to  establish  there  a  melting  laboratory  in  order  to  repeat 
his  experiments  on  a  larger  and  more  practical  scale.  More 
than  a  thousand  different  glasses  were  compounded,  and  prisms 
were  ground  out  of  them,  which  were  examined  by  means  of  the 
spectroscope  and  the  refractometer,  in  order  to  establish  the 
relations  of  their  optical  properties  to  their  chemical  composition, 
with  the  result  that  a  number  of  new  optical  vitreous  media  were 
obtained  which  possessed  the  properties  aimed  at,  viz. : — 

(1.)  Crown  and  flint  glasses,  in  which  the  dispersion  for  the 
different  regions  of  the  spectrum  shows  approximately  the  same 
ratio,  and  which  admits  consequently  of  the  almost  complete 
elimination  of  the  so-called  secondary  spectrum  in  achromatic 
combinations. 

(2.)  The  increase  of  the  number  of  optical  media,  in  such  a  way 
Vol.  XVni.  c 


34  Philosophical  Society  of  Glasgotc. 

that  with  the  same  refractive  index  a  dispersion,  or  with  the 
same  dispersion  a  refractive  index  can  be  obtained,  not^  as  hitherto, 
only  in  combination  with  flint  glass  of  high  dispersive  powers,  but 
also  with  lower  dispersion,  as  in  crown  glass. 

The  attention  of  the  Prussian  Government  having  been  directed 
to  the  researches  of  Drs.  Abbe  and  Schott^  who  were  enthusiastically 
and  materially  assisted  by  the  Messrs.  Zeiss,  it  granted  to  these 
gentlemen  a  subsidy  of  £3,000  on  the  most  liberal  terms  possible. 
A  not  inconsiderable  manufactory  has  now  been  established  in 
Jena  for  the  production  of  glasses  for  optical  and  other  scientific 
purposes,  under  the  name  of  the  Olastechnische  Laboratorium, 
Schott  und  Genossen,  which  has  issued  an  interesting  catalc^e 
compiled  on  a  strictly  scientific  basis.  This  catalogue  contains  a 
list  of  44  glasses,  of  which  19  are  quite  new.  The  list  gives  the 
specific  gravity,  the  refractive  indices  (which  vaiy  from  1*5151  to 
1  '9626,  the  latter  for  the  heaviest  silicate  flint  glass),  and  the  mean  • 
dispersion,  which  varies  from  0-00737  to  0  04882.  There  is  also 
a  price  list  of  discs  for  telescope  objectives  up  to  20  inches  diameter. 
These  new  vitreous  media  contain  many  elements,  some  of  them 
as  many  as  14,  but  the  chief  constituents  seem  to  be  silicates, 
borates,  and  phosphates. 

Mr.  Zeiss  is  the  first  optician  who  has  made  MicnH>bjectives  of 
these  new  optical  glasses,  and  these  lenses  have  been  beautifully 
made  according  to  the  formulse  and  data  given  to  him  by  Professor 
Abbe.  In  these  lenses  Zeiss  has  been  able  to  overcome  the  greatest 
defects  of  objectives,  the  optical  glasses  hitherto  available  forming 
an  insurmountable  barrier  to  further  improvements.  In  conse- 
quence, namely,  of  the  great  disproportion  of  the  dispersion  of  the 
various  colours  of  the  spectrum,  our  best  so-called  achromatic  lenses 
have  up  to  now  been  only  corrected  for  two  colours  of  the  spectrum, 
and  the  unavoidable  residue  of  unachromatism — ^the  so-called 
secondary  spectrum — was  always  more  or  less  perceptible.  In 
the  new  lenses  it  has  been  possible  to  bring  three  colours  to  one 
focus.  The  optical  glasses  formerly  used  in  the  construction  of 
Micro-objectives  likewise  did  not  permit  of  the  correction  of  the 
spherical  aberration  for  more  than  one  colour.  Objectives,  although 
£urly-well  corrected  for  the  middle  of  the  spectrum,  showed,  never- 
theless, a  spherical  under-correction  for  the  red  and  a  spherical 
over-correction  for  the  blue  and  violet  rays,  which  imperfection 
appeared  as  a  more  or  less  great  inequality  of  the  achromatic 
correction  between  the  centi-al  portion  and  the  peripheral  zones 


Mr.  Schulzb  an  Abbess  Apochromatic  Micro-Objectives,  etc.     35 

of  an  objective.  These  defects  caused  an  imperfect  combination 
of  the  image-forming  rays,  and  the  result  was  that  objectives, 
especially  those  of  largo  apertures,  did  not  stand  high  eye-piecing, 
because  the  defects  of  spherical  and  chromatic  aberration  became 
more  apparent  with  them  than  with  the  lower  magnifying  one& 
In  the  new  lenses  the  spherical  aberration  has  been  completely 
corrected  for  two  different  colours  of  the  spectrum,  and  therefore 
practically  for  all. 

Dr.  Abbe  has  called  his  new  lenses  Apochromatics  or  Apochro- 
maiic  Objectives,  owing  to  their  superior  spherical  and  chromatic 
corrections,  which  represent  a  higher  order  of  achromatism  than 
that  hitherto  attained. 

The  practical  advantages  which  these  Apochromatics  possess  over 
other  Micro-objectives  are  the  following: — 

(I.)  Owing  to  their  superior  corrections,  the  full  value  of  their 
large  apertures  becomes  now  only  apparent.  Indeed,  the  images 
formed  by  the  new  dry  and  water-immersion  lenses  are  scarcely 
distinguishable  from  those  formed  respectively  by  the  old  water 
and  homogeneous-immersion  lenses  of  even  perceptibly  larger 
aperture. 

(2.)  The  largest  magnifications  for  a  certain  aperture  may  be 
obtained  by  high  eye-piecing  and  by  objectives  of  relatively  long 
foci,  thus  obviating  the  necessity  for  objectives  of  extreme  short 
focal  lengths.  The  apei*tures  of  the  old  lenses  are  estimated  to 
stand  profitably  eye-pieces  magnifying  from  four  to  six  diameters, 
whilst  those  of  the  apochromatic  objectives,  even  those  of  the  largest 
aperture,  will  stand  an  amplification  of  at  least  12  to  15  diameters, 
and  hence  a  very  much  larger  range  of  useful  magnification  can  be 
obtained  with  them. 

(3.)  By  the  con-ection  of  the  secondary  spectrum,  and  the 
(for  all  practical  purposes)  perfect  correction  of  the  spherical 
aberration,  the  visual  and  the  actinic  foci  of  these  objectives 
coincide,  rendering  them  especially  suitable  for  photo-micrography. 

(4.)  The  increased  spherical  and  achromatic  corrections  of  the 
new  objectives  produce  a  much  larger  concentration  of  light  in 
the  images  produced  by  them. 

(5.)  The  objects  viewed  by  them  appear  in  their  natural  coloura 

Special  eye-pieces,  however^  are  required,  in  order  to  utilize  to 
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ihar  fullest  extent  tlie  cmpaihiKties  c£  iht  nev  knse^  and  Dr. 
ZeiflB  fafts  oQDstmcted  snhabie  ere^pieoeK.  vlueh  he  dedgnateB 
Gompensfttnig  OcoIseb.  Tbe  {rant  knaes  of  objectiTeB  o£  abort 
focil  lezigths  are  angje  crown  dasa  ksises.  vhidi  are  tlierefore 

All  objecUTes  ol  wide  apemire  in  wliich  the  front 


lens  of  the  srstem  cannot  be  achromadadd  itself,  although  well 
ooirected  for  their  chromatic  aboratioDS  in  their  centres,  show 
Tet  a  considerable  didcfenoe  of  masnincation  for  the  different 
ocdonrs  in  the  marginal  zone,  whidi  appears  as  cakmred  outlines. 
The  pictare  prodnoed  by  the  blue  and  riolec  rajs  is  larger  than 
the  one  prodooed  bv  the  tcUow  rars.  The  so^alied  compensating 
ere-pieoes  are  designed  with  a  view  to  correct  this  residne  of 
penphezal  abezration.  or  to  balance  or  compensate  these 
chromatic  diffeTences  of  magnification.  Bat  to  make  these  com- 
pensating oculars  available  not  only  for  the  objecdves  of  wide 
apenure.  but  also  for  those  of  moderate  apercupe,  or  {or  the  low 
powers — these  latter  had  to  be  so  constracted  that  their  marginal 
zone  should  possess  practically  the  same  aberrations  as  the 
objectives  of  great  apeitnre.  The  compensating  eye-pieces  may 
also  be  used  with  wide-angled  objectives  of  older  constmction. 

The  classification  of  the  compensating  ocoiars  has  been  carried 
oat  on  Abbe*s  plan,  and  they  are  designated  by  their  magnifying 
power  at  a  tnbe-length  of  250  mm.,  which  carries  at  its  other  end 
the  apochromatic  objective.  Thns.  instead  of  naming  the  eye- 
pieces A,  B,  C,  D,  elc,  or  1,  2,  3,  4,  Ac-,  we  have — 

Eye-pieces  1.  2,  4.  S,  12,  IS,  27— 

magnifrii^  1,  2,  4,  8,  12,  IS,  and  27  times  respectively,  under 
the  conditicHis  stated.  Both  the  focal  length  and  number  or 
magnifying  power  are  engraved  on  each  eye-piece,  and  the  mag- 
nification of  the  microscope  can  therefoi'e  be  easily  calculated  by 
simply  muliiplying  the  number  of  the  ocular  with  the  initial 
mag',  living  power  of  the  objective  at  the  conventional  tube-length 
of  about  10  inches,  or  250  mm.  Thus,  for  instance,  an  objective 
of  2*5  mm.  focus  magnifies  250  divided  by  2*5,  or  100  diameters, 
and  in  combination  with  Xa  IS  eye-piece,  ISOO  diameters. 

The  eye-pieces  are  made  in  two  series — one  for  the  Continental 
stand,  having  a  tube  of  160  mm.,  and  the  other  for  tbe  English 
stand.  Laving  a  tube  of  25u  mm.  length ;  but  both  series  are  so 
arranged  that  they  give  the  same  magnifying  powers.  The  settings 
of  these  oculars  are  so  constructed  that  tbe  lower  foci  of  all  those 
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belonging  to  one  series  are  lying  in  the  same  plane  when  inserted 
in  the  body  of  the  microscope,  so  that  no  alteration  of  the  focal 
adjustment  is  required  when  interchanging  them. 

The  compensating  eye-pieces  are  of  three  kinds,  viz.: — 

(1.)  Search  oculars  or  finders  of  great  focal  length.  No.  1  for 
the  Continental  stand  does  not  magnify  the  image  projected  by 
the  objective  at  all,  whilst  No.  2,  which  is  made  both  for  the 
Continental  and  English  stands,  magnifies  this  image  only  two 
diameters.  I  have  found  these  oculars  a  very  great  boon  when 
searching  for  a  certain  object  on  a  slide,  as  they  can  be  instantly 
exchanged  for  another  eye-piece,  and  that  without  requiring  a  re- 
adjustment of  focus,  whilst  the  double  nose-piece — which  generally 
carries  besides  a  high-power  system,  also  a  low-power  one  as  a 
finder — is  cumbersome  and  prejudicial  to  the  centricity  of  the 
optical  system,  and  necessitates  invariably  a  readjustment  of  the 
focus.  A  great  saving  of  time,  labour,  and  inconvenience  can 
thus  be  efiected  by  these  search  oculars,  especially  when  using 
immersion  lenses. 

(2.)  The  ordina/ry  working  ocular Sy  magnifying  4,  8,  12,  18,  and 
27  diameters,  respectively;  their  focal  lengths  varying  from  45  to 
10  mm.  for  the  Continental  tube,  and  from  67  to  10  mm.  on  the 
English  10-inch  tube.  These  working  oculars  have  all  relatively 
large  eye-lenses,  whose  foci  lie  so  much  above  their  upper  surfaces 
that  the  usual  inconvenience  of  working  with  Huyghenian  eye-pieces 
of  short  foci  is  not  felt,  and  the  camera  lucida  can  also  be  used 
with  all  of  them  except  with  No.  27. 

(3.)  Oculars  for  projection,  magnifying  two  and  four  diameters 
for  a  tube  of  160  mm.,  and  three  and  six  diameters  for  a  tube  of 
250  mm.,  or  10  inches  long,  respectively.  These  oculars  have  two 
diaphragms  each  to  reduce  the  effective  apertures  of  the  high-power 
lenses,  should  such  appear  desirable.  They  arc  constructed  for 
photo-micrography  and  for  the  lantern  microscope,  and  yield  an 
evenly-illuminated  flat  field  and  a  well-defined  image  at  any  screen 
distance;  they  can  also  be  used  advantageously  with  ordinary  high- 
power  achromatic  objectives. 

The  apoehromatic  objectives  made  in  Dr.  Zeiss'  establishment 
are  comparatively  few,  because,  owing  to  the  great  range  of  magni- 
fications they  are  able  to  bear,  fewer  objectives  than  formerly  are 
now  required  to  form  a  complete  and  effective  working  series. 
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The  apertures  of  Micro-objectives  are  measured  at  their  back 
lenses,  because  the  same  angular  aperture  of  a  dry  and  an  im- 
mersion lens  is  quite  a  different  thing,  for  the  angle  of  an  immersion 
lens  is  equivalent  to  a  larger  cone  of  rays  in  air  which  has  been 
contracted  by  the  refractive  power  of  the  immersion  fluid  into  the 
same  angle  as  that  of  the  dry  lens.  The  reflection  and  consequent 
great  loss  of  light  on  the  plane  surface  of  a  dry  lens  is  another 
point  constituting  a  drawback  to  high  dry  powers.  This  loss  of 
light  by  reflection  does  not  occur  in  immersion  lenses.  The 
greatest  angular  aperture  which  a  dry  front  lens  can  possess  is,  of 
course,  180  degrees,  and  as  the  refractive  index  of  air  and  the 
sine  of  90  degrees  are  1,  it  follows  that  the  numerical  aperture  for 
such  a  lens  is  1,  which  corresponds  to  an  angle  of  90  degrees  for 
a  water-immersion  lens,  and  to  one  of  82  degrees  for  a  homo- 
geneous-immersion lens.  The  angular  aperture  of  a  water-immersion 
lens  of  180  degrees  is  equivalent  to  a  numerical  aperture  of  1*33, 
and  the  angular  aperture  of  a  homogeneous-immersion  lens  of  180 
degrees  is  equivalent  to  a  numerical  aperture  of  1  *52.  From  these 
values  of  numerical  aperture  it  is  evident  that  if  the  greatest 
amount  of  resolving  power  which  a  dry  lens  can  possess  be  stated 
as  1,  then  the  greatest  resolving  powers  of  water-  and  homogeneous- 
immersion  lenses  are  1*33  and  1*52  respectively. 

The  following  diametrical  magnifications  may  be  obtained  with 
the  apochromatic  objectives  and  compensation  oculars: — 


Eqnlyalent  Focal  Length 

Search  Oculars. 

Working  Oculars. 

in  mm. 

1     :     2 

4 

8 

12 

18 

27 

24-0 

•   •  • 

21 

42 

83 

125 

187 

281 

16-0 

15-5 

31 

62 

125 

187 

281 

•  •  • 

120 

... 

42 

83 

167 

250 

375 

562 

80 

31 

62 

125 

250 

375 

562 

... 

6-0 

•  •  • 

83 

167 

333 

500 

750 

1125 

4  0 

62 

125 

250 

500 

750 

1125 

... 

30 

83 

167 

333 

667 

1000 

1500 

... 

2-5 

100 

200 

400 

800 

1200 

1800 

•  •  • 

20 

125 

250 

500 

1000 

1500 

2250 

•  •  • 
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Dr.  Zdss  has  sent  me  four  of  these  Apochromatics  for  inspection, 
^iz.: — chose  of  16,  4,  2*5,  and  2  mm.  focus,  which  I  hsTS  carefully 
UflSftd  and  compared  with  the  older  forms,  and  I  find  that  they 
sorpass  br  f$r  anj  ohjectiTe  I  have  preTiously  examined.  Their 
d^ifinidon  is  exquisite,  their  resolving  power  is  Terr  great,  and  the 
fHCvares  yielded  bj  them  are  most  brilliant  and  free  from  colour ; 
ther  possess,  farther,  a  very  notable  increase  of  illuminating  power 
and  give  great  flatness  of  field  I  have  also  tested  these  Apochro- 
matics for  their  photographic  capacity,  and  as  a  proof  of  their 
perfect  suitability  for  this  purpose  I  have  brought  a  few  negatives 
fi€  diatoms  and  other  objects,  among  them  one  of  AmphipUura 
f^Mucida,  which  shows  the  stria?  quite  distinctly  resolved.  The 
AmphipUnra  fMncida  is  a  microscopic  shell,  ^rl 3-inch  long  and 
f^^ipfixich.  broad,  and  bears  on  its  surface  cross-marking  of  the 
utmost  regularity  counting  at  the  rate  of  about  100,000  per  inch. 
To  see  those  lines  on  a  photograph  plainly  with  the  unarmed  eye, 
the  diatom  requires  to  be  magnified  nearly  2,500  diameters,  or 
alx^ut  6,250,000  times  superficially.  All  these  negatives  were 
taken  by  ordinary  lamp-light. 

Thanks  chiefly  to  the  labours  of  Professor  Abbe,  the  microscope 
is  to^y  perhaps  the  most  perfect  optical  instrument  which  we 
possess,  for  it  appears,  both  from  theoretical  and  practical  con- 
siderations, that  with  it  we  have  as  good  as  reached  the  limit 
of  microscopical  ^-ision,  and  that  no  further  important  improve- 
ment is  |K)ssible,  until  suitable  media  of  far  greater  refractive 
power  than  any  we  possess  at  the  present  time  have  been  dis- 
covered and  placefl  at  the  service  of  the  optician. 
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IIL — Preliminary  Eocperiments  on  the  Effects  of  Percussion  in 
Changing  the  Magnetic  Moments  of  Steel  Magnets.  By 
William  Brown  ("Thomson"  Experimental  Scholar), 
Physical  Laboratory,  University  of  Glasgow. 


[Read  before  the  Mathematical  aud  Physical  Section  of  the  Society,  30th 

November,  1886.] 


The  experiments  described  in  this  paper  were  made  in  the  Physical 
Laboratory  of  Glasgow  University.  They  were  first  suggested  by 
some  casual  observations  made  while  I  was  assisting  Mr.  T.  Gray 
during  his  recent  determination  of  the  horizontal  intensity  of  the 
earth's  magnetic  force,  and  I  am  greatly  indebted  to  him  for 
many  hints  and  much  valuable  advice  during  the  progress  of  the 
experiments. 

This  paper  is  merely  preliminary  to  what  may  ultimately  prove 
to  be  a  somewhat  extended  series  of  observations  on  the  same 
subject  if  time  and  opportunity  offer. 

The  effects  of  percussion  in  changing  the  magnetic  moments  of 
steel  magnets  have  not  (so  far  as  I  know)  been  made  the  subject 
of  special  observation.  The  results  hitherto  published  have,  for 
the  most  part,  formed  less  important  sections  of  other  investigations. 

In  1 878,  Mr.  T.  Gray*  published  a  very  accurate  series  of  investi- 
gations on  magnetic  moments  in  absolute  measure.  One  of  the 
objects  of  his  investigation  was  to  obtain  information  as  to  the 
permanence  or  non-permanence  of  magnetism  in  steel  bars  when  left 
undisturbed  for  a  length  of  time.  On  page  328  of  the  same  paper, 
however,  he  gives  a  short  series  of  observations  on  the  direct 
effects  of  percussion,  which,  as  far  as  they  go,  agree  with  my  own 
results. 

*  *  *  Experimental  determination  of  Magnetic  Moments  in  absolute  measure. " 
FkiL  Mag.,  November,  1878,  pp.  321-331. 


There  has  been  pabliahed  quite  reeoitlT  an  exedlent  aeries  of 
papers  on  the  "Electrical  and  Magnetic  Properties  of  the  Iron 
Carborets,'^  bj  C.  Bams  and  V.  StronhaL  of  the  U.S.A.  Gedo- 
gical  Surrey.* 

In  one  of  these  papers  the  authors  treat  incidentally  of  magnetic 
retentiTeness,  bat  more  with  respect  to  the  effects  of  annealing 
than  of  direct  percussion.  Annrf^Hng  appears  to  plar  an  important 
part  in  the  ultimate  retentire  power  of  magnets,  and  on  the 
constancy  of  their  magnetic  moments.  My  own  experiments  on 
annealed  magnets  are  not  yet  complete  enou^  to  be  put  into 
presentable  form,  and  with  two  exceptions  the  results  giren  are  for 
magnets  tempered  ^ass-hard.  Regarding  the  effects  of  annealing 
generally,  the  results  of  Bams,  Strouhal,  and  Gray  appear  to 
agree  on  the  whole. 

On  pages  326-7  of  Grays  paper  it  appears  that  annealing 
increased  the  magnetic  moment.  This  is  the  result  stated  generally 
in  the  text;  but  a  marginal  note  and  curre  in  the  copy  in  my 
possession  show  that  the  magnetic  moment  did  not  increase 
continuously  as  the  g^nnPAlmg  went  on,  but  increased  at  first,  then 
diminished,  then  again  increased — thus  passing  a  maximum  when 
the  annealing  temperature  was  about  150*  C,  and  a  minimum 
when  the  temperature  was  about  230'  C. 

Another  set  of  results  given  in  this  paper  is  a  series  of  magnetic 
moments  for  bars  of  the  same  steel  tempered  in  oil,  the  temperature 
of  which  was  varied  so  that  the  bars  should  be  suddenly  cooled 
only  to  the  same  temperature  as  that  to  which  in  the  first  set 
they  were  heated  in  the  annealing  process.  The  results  in  this 
second  set  show  precisely  the  same  characteristics  as  those  of  the 
first  set,  only  that  the  maximum  and  minimum  points  are  much 
more  pronounced. 

The  curves  given  by  Mr.  Gray  indicate  a  much  more  interesting 
peculiarity  than  those  given  in  the  paper  of  Barus  and  Strouhal, 
already  referred  to,  inasmuch  as  they  show  that  the  minimum 
point  may  be  preceded  by  a  maximum,  the  effects  of  annealing 
depending  greatly  on  the  kind  of  steel  used.  The  steel  used  by 
Gray  was  almost  a  pure  charcoal  steel,  whereas  that  used  by  Barus 
and  Strocdial  was  of  the  kind  known  as  "English  silver  steel" — 
that  is  to  say,  of  a  kind  similar  to  that  which  I  have  been 
experimenting  on. 

•  liulletiB  No.  14,  1885,  Department  of  the  Interior. 


W  JtT.  I 


Mb.  W.  Brown  on  Effects  of  Perctission  on  Steel  Magnets.    43 

Mr.  Gray  in  his  paper  refers  very  briefly  to  some  experiments 
on  other  steek,  chiefly,  it  would  appear,  for  the  purpose  of  showing 
how  very  different  results  may  be  expected  from  different  speci- 
mens. In  one  set,  which  took  an  average  magnetic  moment  of 
about  50  per  gramme,  the  magnetic  moment  was  slightly  diminished 
by  hardening  ;  whilst  in  another  set  the  direc^  opposite  was  arrived 
at  in  a  very  marked  manner,  showing  how  very  much  the  effect 
of  annealing  depends  on  metallic  impurities  in  the  steel.  The 
diminution  of  the  magnetic  moment  of  one  of  his  specimens  by 
annealing,  Mr.  Gray  tells  me,  he  believes  to  be  due  to  the  known 
presence  of  manganese  in  it. 

The  behaviour,  however,  of  alloys  in  the  annealing  and  magnetic 
retentiveness  of  steel  magnets  needs  further  elucidation  before  any- 
thing very  definite  can  be  said  on  the  subject.  The  effects  of 
small  quantities  of  tungsten  in  increasing  the  magnetic  retentive- 
ness of  steel  are  well  known ;  whereas  the  recent  experiments  of 
Hopkinson,  Bottomley,  and  others  tend  to  show  that  a  very 
moderate  quantity  of  manganese  in  steel  almost  totally  destroys 
not  only  the  magnetic  retentiveness  but  even  the  magnetic  suscep- 
tibility. 

With  respect  to  the  "  silver  steel,"  of  which  my  magnets  are 
made,  I  am  in  doubt  as  to  whether  it  really  contains  silver.  Some 
well-known  steelmakers  say  it  is  only  a  trade  name. 

In  preparing  the  magnets,  great  care  was  taken  to  have  them 
made  straight,  and  the  ends  made  as  accurately  as  possible  at 
right  angles  to  their  length.  In  tempering  them  they  were  put 
into  an  iron  tube  having  one  end  closed,  and  the  whole  put  into  a 
brisk  coal  fire,  and  left  there  till  they  attained  a  bnght  red  heat. 
The  tube,  with  the  magnets  inside,  was  then  taken  out,  and,  with 
the  open  end  temporarily  closed  by  a  glass  plate,  was  held  verti- 
cally above  a  vessel  of  water  at  a  temperature  of  15°  C,  and 
about  20  inches  deep.  The  glass  cover  was  then  quickly  with- 
drawn, and  the  magnets  were  allowed  to  drop  perpendicularly 
into  the  water,  thus  making  them  all  glass-hard . 

A  greater  number  of  magnets  than  were  actually  required  were 
treated  in  this  manner,  and  only  the  straightest  and  most  uniform 
in  temper  were  chosen  for  the  experiments.  This  was  the  method 
employed  in  tempering  all  the  glass-hard  magnets,  and  was 
adopted  mainly  in  order  to  obtain  an  indication  of  what  kind  of 
results  were  to  be  expected.  In  subsequent  experiments,  how- 
ever, a  method  somewhat  similar  to  that  used  by  Gray  and  Barus 
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will  be  employed.  The  two  exceptions  to  glass-hardness  already 
referred  to — those  tempered  blue  and  yellow — were  first  tempered 
glass-hard  along  with  the  others ;  they  were  then  laid  on  the  top 
of  a  hot  metallic  plate,  where  they  were  allowed  to  remain  till 
they  exhibited  the  oxide  tints  characteristic  of  those  tempers. 

The  magnets  wer^all  magnetised  to  saturation  by  placing  them 
between  the  poles  of  a  large  Ruhmkorff  electro-magnet,  excited  by 
a  dynamo  giving  a  potential  of  between  80  and  90  volts.  During 
the  process  of  magnetising,  the  magnets  were  reversed  several 
times  between  the  poles  of  the  electro-magnet,  and  then  finally 
magnetised.  This  was  done  in  every  case  for  the  first  set  of 
six  magnets,  when  they  were  re-magnetised  after  a  series  of 
observations. 

In  order  to  obtain  the  deflections  for  calculating  the  magnetic 
moments,  the  apparatus  used  consisted  of  a  lamp  and  scale,  a 
magnetometer,  and  a  cradle  for  holding  the  magnets.  The  mag- 
netometer was  of  the  ordinary  Bottomley  type,  consisting  of  a 
small  circular  mirror,  with  two  short  magnetic  needles  attached 
to  the  back  of  it,  and  suspended  by  a  single  torsionless  silk  fibre 
— the  whole  being  enclosed  in  a  slot  cut  in  a  pyramidal  block  of 
wood,  and  the  slot  covered  by  a  plate  of  thin  glass.  On  the  base 
of  this  pyramid  were  fixed  three  conical  feet,  which  fitted 
accurately  into  the  conical  hole,  groove,  and  plane  arrangement 
of  Sir  William  Thomson.  The  hole  and  groove  were  cut  out  of  a 
piece  of  thick  plate  glass,  which  was  firmly  fixed  to  the  table  in 
a  position  where  the  horizontal  component  of  the  Earth's  mag- 
netic force  was  known.  When  the  magnetometer  was  put  in 
position  the  mirror  and  the  attached  needles,  of  course,  placed 
themselves  in  the  magnetic  meridian. 

Immediately  to  the  west  of  the  magnetometer,  at  a  distance  of 
40  cms.,  was  placed  a  cradle  for  holding  the  magnets  during  the 
deflection  observations.  The  base  of  this  cradle  was  made  on  the 
same  geometrical  principle  as  that  of  the  magnetometer,  and  was 
so  arranged  that  the  magnet  could  be  reversed  relatively  to  the 
magnetometer,  without  touching  the  magnet  by  hand.  This 
cradle,  I  may  say,  was  made  and  used  by  Mr.  Gray  in  his  recent 
determination  of  the  earth's  horizontal  magnetic  force ;  the  whole 
arrangement  is  fully  described  and  illustrated  by  a  drawing  in  his 
paper.* 

*  Measurement  of  the  InteDsity  of  the  Horizontal  Component  of  the 
Karth'a  Magnetic  Field.     PhU.  Mag.,  Dec,  1885,  pp.  484-497. 
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To  the  east  of  the  magnetometer,  at  a  distance  of  129  cms., 
was  a  glass  scale  divided  to  millimetres,  and  having  a  lamp  placed 
immediately  behind  it  The  deflection  of  the  spot  of  light  from 
the  lamp  when  reflected  by  the  mirror  of  the  magnetometer  upon 
the  scale  could  be  read  to  -^j^  of  a  millimetre,  by  means  of  the 
shadow  cast  by  a  fine  wire  stretched  across  the  orifice  in  the  side 
of  the  copper  funnel  of  the  lamp. 

The  magnet  and  magnetometer  being  placed  in  position,  the 
magnetic  moment  of  the  magnet,  M,  is  given  by  the  following 
equation : — 

^__Htan^(r^~f)^ 
.  2r 

where     r  =  The  distance  of  the  centre  of  the  magnet  from  the 

centre  of  the  magnetometer  needle. 

Z=Half  the  distance  between  the  poles  of  the  deflecting 
magnet  (in  these  experimente,  taken  as  half  the 
actual  length  of  the  magnet). 

H  =  The  horizontal  component  of  the  earth's  magnetic 
force='153,  c.g.s.  unita 

0=The  deflection  in  degrees  of  the  magnetometer  needle. 

In  order  to  test  the  constancy  of  the  magnetic  field  during 
the  experiments,  the  deflections  given  by  a  standard  magnet  were 
occasionally  taken. 

The  method  employed  to  obtain  the  eflects  of  percussion  with 
the  least  possible  amount  of  handling  of  the  magnets,  was  as 
follows : — A  series  of  glass  tubes,  wide  enough  inside  to  allow  the 
magnets  to  fall  through  them  freely,  were  fixed  on  a  long  narrow 
board  by  means  of  brass  clamps,  which  were  just  loose  enough  to 
allow  the  tubes  to  slip  easily  through  them.  This  was  for  the 
purpose  of  raising  the  tube  vertically  in  order  to  take  the  magnet 
out  after  falling  through  it.  A  thick  shelf  was  firmly  fixed  at 
one  end  of  this  board,  and  a  thick  plate  of  glass  fastened  to  it. 
The  magnets  were  held  in  the  hand  and  allowed  to  fall  vertically 
through  the  tube  upon  the  glass  plate  at  the  bottom,  and  always 
with  the  true  north  end  of  the  magnet  downwards. 

A  few  trial  experiments  were  made  in  letting  the  magnets  fall 
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through  a  height  of  a  half  metre  and  one  metre,  respectiTely  ;  bnt 
to  give  uniformity  in  the  reenlta  the  1  '5  metre  height  waa  adopted 
throughout. 

The  plan  of  experimenting  was  as  follows: — The  magnets  vere 
magnetised  and  laid  aside  undisturbed  for  the  periods  of  time 
specified  in  Table  I.  One  of  them  was  then  taken,  and  the 
deflection  for  calculating  its  magnetic  moment  was  observed.  It 
was  then  allowed  to  fall  once  through  the  height  of  1-5  metrea, 
and  the  deflection  again  taken.  It  was  then  let  fall  three 
times  in  succession  through  the  same  height,  and  the  deflection 
again  taken.  Each  magnet  in  turn  was  put  through  the  same 
series  of  operations. 

The  percentage  loss  in  the  magnetic  moment  due  to  the  one 
fall,  and  that  due  to  the  three  falls,  and,  finally,  that  due  to  the 
whole  four  falls,  were  all  calculated,  and  are  shown  for  the  14 
glass-bard  magnets  in  Table  II. 

In  Table  I.,  the  percentage  loss  due  to  the  four  falls  alone  is 
given.  The  magnets  specified  in  Table  II.  bad  been  lying  aside 
for  a  period  of  six  months  after  being  magnetised,  and  before  they 
were  experimented  on. 
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TABLE  II. 
The  Magnets  in  this  Table  were  all  tempered  glass-hard. 
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By  inspection  of  Table  I.,  we  see  that  in  the  case  of  the  two 
glass-hard  magnets  the  percentage  loss  diminishes  the  longer  they 
are  left  undisturbed  before  they  are  subjected  to  percussion ;  it 
would  also  appear  that  the  smaller  the  dimension  ratio  the  greater 
is  the  loss. 

The  other  four  magnets,  so  far  as  the  experiments  go,  appear  to 
show  that  the  greater  the  amount  of  annealing  the  greater  is  the 
loss;  the  observations,  however,  have  not  been  sufficiently  extended 
to  allow  any  detailed  deductions  to  be  made,  and  the  effects  of 
annealing  will  form  one  of  the  chief  parts  of  subsequent  investi- 
gations. 

From  Table  XL,  it  will  be  seen  that  the  greater  part  of  the 
magnetism  has  been  shaken  out  by  the  first  fall;  this  holds 
throughout,  except  in  the  case  of  magnet  No.  10.  I  am  inclined 
to  think  this  is  due  to  an  error  in  placing  the  magnet  in  position  ; 
in  this  case,  also,  the  percentage  loss  was  calculated  from  a 
diminished  deflection  of  one  scale  division  only. 
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IV. — On  a  New  TerUaculiferoua  Protozoon  and  other  Ifrfueoria^ 
with  Notes  on  Reproduction  and  the  Function  of  the  Con- 
tractile  Vesicle.     By  William  Milne,  M.A.,  B.Sa,  F.R.S.E. 


[Read  before  the  Society,  15th  December,  1886.] 


Stylostoma.     Nov.  gen. 


Animalcules  solitary,  loricate,  elongate,  attached  posteriorly  by  a 
soft  pedicle.  From  the  anterior  end  of  the  body  arms  extend,  each 
giving  rise  to  a  bundle  of  suctorial  tentacles  with  capitate  ends. 

Stylostoma  Forrestii.     Nov.  sp. 
(Figs.  1.5.) 

Body  elongate,  somewhat  pear-shaped  in  outline,  with  a  liigh 
shoulder;  enclosed  in  a  thin  membranous  sheath,  and  attached  by 
a  short  membranous  pedicle.  The  body  substance  is  highly 
granular,  and  contains  a  nucleus  and  nucleolus.  From  the 
anterior  indentation  spring  three  arms,  transparent,  and  bearing 
at  their  ends  numerous  suctorial  capitate  tentacles.  These 
tentacles  can  be  extended  sometimes  to  nearly  one-third  the  length 
of  the  body. 

The  vermiform  zooids  are  very  elongate,  and  attached  separately 
by  their  own  pedicles.  Length  of  body  1-150  inch,  arms  1-1200 
inch. 

Hahitat.  Marine,  attached  to  a  particular  form  of  Cyclops 
not  identified. 

It  has  been  thought  necessary  to  institute  a  new  genus  to  contain 
this  form,  as  there  is  no  other  known  in  which  the  suctorial 
tentacles  do  not  spring  directly  from  the  body.  It  differs  from 
those  which  have  arm  processes,  as  these  latter  never  have  separate 
capitate  tentacles.  It  may  be  said  to  connect  the  two  above 
divisions,  and  would  seem  to  lie  somewhere  between  Acineta 
Jolyi  and  Ophryodendron. 

I  have  much  pleasure  in  naming  this  species  after  Kev.  Mr. 
Forrest,  Lonmay,  to  whom  I  am  much  indebted  for  help  in  this 
direction. 

This  animalcule  was  found  in  sea  water  attached  to  Cyclops,  and 
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always  to  the  same  anterior  segment.  There  were  as  many  as  six 
adults  and  three  vermiform  zooids  on  some  of  the  specimens.  I 
have  never  been  able  to  meet  with  it  a  second  time,  though  I  have 
taken  water  from  the  same  place  many  times.  Any  lengthened 
examination  of  the  same  examples  was  rendered  impossible  on 
account  of  the  difficulty  of  keeping  the  commensals  alive  and 
still.  The  body  is  packed  full  of  brownish  granules,  and  accord- 
ingly is  very  opaque.  The  contractile  vesicle  was  not  observed 
on  this  account,  but  the  elongated  nucleus  with  a  nucleolus  was 
seen.  Its  food  consists  of  soft-bodied  Infusoria,  which  are  caught 
by  means  of  the  tentacles.  The  tentacles  bore  into  the  prey,  the 
fluid  contents  of  which  are  soon  seen  streaming  down  the  arms  of 
the  Stylostoma  into  its  body.  The  victim  is  very  soon  nothing 
but  a  shrivelled  skin.  The  course  of  the  food  down  the  trans- 
parent arms  is  very  well  seen. 

The  tentacles  can  be  extended  to  a  great  length,  and  contract 
in  a  spiral  manner,  showing  a  central  muscular  fibre  which  is  con- 
tinued down  the  arm.  These  fibres  were  brought  well  into  view 
by  treatment  with  Biedermann's  fluid — modified  for  the  salt 
water, — ^when  the  arm  showed  a  bundle  of  fibrillse  (Fig.  5),  and 
spasmodic  twitches  were  seen  to  take  place  twelve  minutes  after 
death,  thus  showing  the  muscular  nature  of  these  fibrea 

In  some  examples  the  nucleus  was  seen  veiy  large  and  of  a 
very  fine  brownish  granular  composition,  much  like  the  ovary  as 
often  seen  in  PhUodina  citrina.  The  male  element  in  both  the 
above  Hotifer  and  Infusorian  is  unknown,  but  in  the  latter  it  pro- 
bably is  the  nucleolus  which  was  observed  on  one  or  two  occasions 
broken  up  into  fragments.  One  or  more  of  these  entering  the 
nucleus  or  ovary  would  fertilize  it.  At  any  rate,  the  anterior  of 
the  ovary  (Fig.  2)  was  seen  constricting  off  and  becoming  an  embryo 
— not  very  distinctly,  on  account  of  the  granular  composition  of 
animalcule  The  specimen  could  not  be  preserved  till  the  embryo 
escaped. 

•  Vermiform  zooids  (Figs.  3-4)  were  often  found  along  with  the 
adults,  never  attached  to  them,  however,  but  always  on  a  pedicle 
of  their  own  exactly  like  that  of  the  adult.  They  have  also  a 
similar  long  nucleus  and  attached  nucleolus.  These  zooids  are 
very  elongated  and  attenuated  at  both  ends.  The  anterior  end 
bears  several  short  and  very  fine  cilia  or  setse.  The  zooids  I  con- 
sider to  be  immature  and  midway  between  the  ciliated  embryo 
and  the  adult  arm-bearing  form. 
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I  have  not  reoognised  a  free  embryo,  nor  have  I  leen  a  sooid 
before  it  took  the  elongated  form,  so  that  I  can  adduce  no  proof 
that  the  former  develops  into  the  latter.  Perhaps  the  sets  on 
anterior  end  of  the  zooid  are  the  remnant  of  the  cilia  of  embryo. 

There  can  be  no  doubt^  however,  I  think,  about  the  zooid  being 
an  immature  stage,  and  that  it  develops  into  the  tentacular  form, 
for  one  such  (Fig.  4)  was  seen  with  tentacles  just  showing  out  of 
the  breast,  as  it  were.  The  vermiform  zooid  stage  does  not  seem 
to  have  been  noticed  hitherto  with  any  of  the  Infusoria  bearing 
capitate  tentadea 

Strombidinopsis  proboscidifer.     Nov.  sp. 

(Figs.  68.) 

Body  globose,  truncate,  surface  with  deep  longitudinal  grooves 
widely  apart;  not  changeable  in  form,  cuticle  soft  and  elastic, 
covered  with  shorty  rather  stubbly-looking  cilia.  There  are  none 
of  these  cUia  or  grooves  on  the  truncate  face ;  but  slightly  in- 
wards there  is  borne  a  ring  of  long,  very  flexible  tentacle-like 
cilia  longer  than  the  body,  membranellate,  and  finely  feathered 
with  minute  cilia  all  round  their  whole  length.  Inside  this  ring  is  a 
membranous  collar,  not  of  great  height,  and  inside  this  again  is 
a  soft,  elastic,  retractile  proboscidiform  protuberance,  the  blunt 
point  of  which  can  be  protruded  higher  than  the  collar,  or  drawn 
back  into  the  body  entirely  below  the  collar.  The  point  rises 
nearer  one  side  than  the  other,  and  round  it  there  is  a  spiral  fossa, 
which  ends  in  a  slit — the  mouth — into  the  body,  with  a  vibratile 
membrane  or  broad  cilium.  The  contractile  vesicle  is  slightly 
further  back  than  the  centre.  The  nucleus,  difficult  to  distinguish, 
as  the  body  is  always  full  of  large  refringent  particles,  is  elongate, 
and  placed  transversely  near  the  proboscis. 

Eeprodtiction  is  by  means  of  internal  gemmation. 

Size,  about  y^  inch. 

Hab,     Marine. 

This  animalcule  in  general  appearance  is  liker  an  Arachnidium, 
but  cannot  be  placed  in  that  genus  on  account  of  its  body  having 
a  covering  of  cilia.  It  does  not  agree,  however,  very  well  with 
the  diagnosis  of  Strombidinopsis  as  given  by  Saville  Kent. 

Its  oral  appendages  bring  it  nearest  to  CodoneUa;  but  then  the 
latter  is  loricate,  and  wants  the  proboscis,  the  presence  of  which 
in  the  former  allies  it  again  with  Didinium.  The  proboscis,  how- 
ever, is  not  perforated  at  its  extremity,  as  in  Didinium.     The 
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peculiar  oral,  tentaculiform  cilia  would  seem  to  be  a  step  in 
advance  of  the  membrane  of  Lankester's  Torquatella.  This  thin 
membrane,  splitting  along  the  frills — ^the  thin  edge  of  each 
shredding  inwards  and  downwards  at  very  close  intervals — would 
give  the  fine  ciliate  feathering  of  the  tentacles  of  S,  prohoscidifer. 
That  the  tentcu^les  had  some  such  origin  would  seem  to  be  shown 
by  what  was  observed  on  one  occasion — which  might  be  likened 
to  a  reversion  or  "  sport "  in  the  case  of  a  flower — a  bar  lay  on 
the  shoulder  (Fig.  7,  a),  probably  derived  from  the  nucleus,  and 
sprouting  from  this,  fin-like,  were  two  exceedingly  fine,  broad, 
laminate  wings,  probably  one  at  first,  the  outer  edges  of  which 
were  finely  and  deeply  serrated. 

When  at  rest  (Fig.  6),  the  cilia  are  coiled  spirally  in  a  very  pretty 
manner,  standing  up  to  a  certain  height  and  then  each  falling  out- 
wards in  a  graceful  curve.  Seen  sideways,  there  is  an  appearance 
of  a  central  transparent  funnel  enclosed  by  cilia  up  to  where  they 
fall  over,  but  this  seems  to  be  an  optical  illusion  from  the  spiral 
manner  of  coiling  and  the  fine  cilia  inside.  Seen  from  above,  and 
focussing  down  to  near  the  collar,  an  appearance  is  got  somewhat 
like  the  ventral  aspect  of  a  Trichodina,  the  diatom-like  markings 
(Fig.  8)  being  got  by  the  fine  cilia.  The  intercrossing  of  these  a 
little  further  up  the  funnel  produces  a  gauzy,  lace-like  effect. 
Focussing  a  little  deeper,  the  eccentric  slit  mouth  is  seen,  with  its 
vibratile  appendage. 

The  long  cilia  are  pressed  to  the  glass  or  foreign  object  about 
one-third  from  their  roots,  and  the  rest  are  thrown  out  along  the 
glass,  the  points  quivering  in  a  tongue-like  manner.  When  about  to 
move,  the  tentacles  begin  to  quiver  and  fall  out  in  a  graceful  shower. 
It  proceeds  in  an  ambulatory  manner,  each  tentacle  whirling  inde- 
pendently with  perhaps  two  or  three  curves  on  it,  and  pressing 
against  the  glass.  At  these  times  it  has  a  very  spider-like  aspect. 
It  crawls  over  and  round  about  objects  in  this  way,  and  small 
particles  are  entangled  in  the  feathered  tentacles  and  gradually 
whirled  inwards  by  the  finer  cilia  towards  the  mouth.  This 
ambulatory  is  not  the  only  motion,  however,  for  gathering  the 
tentacles  forward,  it  shoots  straight  ahead  at  a  great  velocity  with 
a  slight  oscillation,  cilia  foremost.  Occasionally  it  may  be  seen 
remaining  in  one  position,  oscillating  vigorously. 

It  is  a  great  feeder,  scarcely  one  being  seen  which  was  not 
packed  full  of  diatomacese  and  all  kinds  of  particles.  The  food  is 
thrown  into  the  central  vortex  as  described,  and  there  whirls  round 
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DESCRIPTION  OF  PLATE. 

Fig.  1-5. — Stylostoma  Forrestii, 

2. — Same,  with  part  of  ovary  fa)  budding  off. 

8.-yennifonn  zooid  stage. 

4. — Same  with  tentacles  beginning  to  show. 

5. — Arm  treated  with  Biedennann*s  fluid,  showing  muscular  fibres. 

Fig.  6-8. — Stromhidinopsis  proboscidi/er, 

6. — (a)  Proboscis  just  showing  above  collar ;  (6)  internal  gemmule. 
7. — {b)  Internal  gemmule  escaping ;  (a)  membranous  outgrowth. 
8. — Perpendicular  view  of  oral  fossa. 

Fig.    9. — Oxytricha  tricomis. 

Fig.  10-11. — Ophrydium  sessile. 
, ,     1 1 . — Contractile  vesicle  and  part  of  tube. 

Fig.  12-14. — Amphisia  mvUiseia, 

12. — Dorsal  view,  indurated  variety. 
13. — Strombidium  viride^  ventral  view. 
14. — Developmental  form  of  A,  MuUisela, 

Fig.  15-16. — Supposed  immature  species. 

Fig.  17. — Developmental  form  of  colourless  variety  of  Amphisia 
muUiseta. 
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V. — On  the  Manners  cmd  Customs  of  some  of  the  Tribes  of  New 
Guinea.     By  the  Rev.  James  Chalmers,  of  New  Guinea. 


[Read  to  the  Society,  10th  November,  1886.] 


In  my  present  mode  of  living,  having  no  settled  abode,  simply 
a  wanderer  over  this  land,  I  have  not  had  the  time  necessary  to 
prepare  a  paper  worthy  of  this  occasion.  It  took  me  some  time 
to  decide  on  a  definite  subject,  and  although  now  I  shall  go 
over  much  ground,  yet  the  most  of  my  time  will  be  occupied 
with  a  tribe  of  sorcerers,  known  as  the  Koitapu  tribe,  and  with 
individual  sorcerers. 

You  have  heard  of  the  Motu  tribe,  who  occupy  the  coast 
extending  from  Bedscar  Bay  in  the  west  to  Roundhead  on  the 
east;  and  with  that  tribe  the  Koitapuans  are  closely  allied.  At 
either  end  of  a  Motu  village,  the  Koitapu  natives  will  be  found — 
having  left  the  interior,  and  come  to  live  under  the  care  of  the 
Motuans.  Although  the  houses  are  built  together,  the  people 
speak  two  distinct  dialects;  the  children  seldom  meet  to  play,  and 
as  seldom  understand  one  another.  Of  late  years,  since  the  intro- 
duction of  schools,  the  Motu  dialect  is  prevailing,  and  we  may 
hope  that  in  a  short  time  the  Koitapuan  will  disappear. 

As  a  tribe,  the  Motuans  have  few  traditions,  and  very  little 
mythology,  although  a  very  superstitious  people.  One  night, 
sitting  with  a  number  of  old  men,  they  told  me  that,  with  the 
Koiari  and  Koitapu  tribe,  they  came  from  two  ancestors  named 
Kirimaikuku  and  Kirimaikape,  who  came  from  the  earth  with 
one  female  dog,  which  they  took  unto  themselves.  A  son  was 
bom,  then  a  daughter,  and  again  a  son,  followed  by  a  daughter. 
The  first  two  grew  up  and  married,  and  their  children  numbered 
fourteen.  Two  went  far  back  inland,  and  became  the  progenitors 
of  the  Koiari  tribe;  two  went  in  from  the  coast  by  the  banks  of  the 
Laroge,  and  from  them  descended  the  Koitapu  tribe ;  the  others 
all  went  to  Elema,  where  they  were  increased. 

Long  after,  a  quarrel  occurred  in  Elema — an  elder  brother 
desired  his  younger  one  to  procure  him  some  sago,  but  the 
younger,  .intent  on  making  a  bow,  turned  a  deaf  ear  to  the  re- 
quest. Again  and  again  was  the  request  made,  but  with  the 
same  result.  Other  members  of  the  family,  knowing  the  elder 
brother's  request,  went  and  procured  the  sago,  but  would  on  no 
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account  let  the  younger  brother  have  any,  and  threatened  death  to 
any  who  should  give  to  him  even  a  grain.  The  difficulty  increased, 
and  the  younger  brother,  who  had  a  large  following,  decided 
to  leave,  which  he  accordingly  did,  and  arrived  at  Taurama 
(Pyramid  Point),  where  they  remained,  increasing  in  numbers 
and  strength,  and  finally  came  to  Hamabada  (Port-Moresby), 
where  they  now  liva  They  speak  of  themselves  as  "  sea  natives," 
and  the  Koitapuans  as  "the  land  natives."  When  leaving 
Elema,  the  spirit  said — "  Go,  but  never  forget  me;  in  feast  and  in 
dance  I  will  be  with  you,  and  the  sound  of  your  drums  will  be 
heard  by  me,  when  I  shall  indeed  bless  you." 

They  found  the  Koitapu  tribe  a  very  powerful  one  indeed,  with 
chiefs  innumerable,  who  not  only  killed  their  enemies  by  fighting, 
but  also  by  "  meamea"  (prayer).  Before  long  they  found  to  their 
cost  that  they,  too,  were  under  the  spell  of  the  Koitapu  tribe. 
Long  droughts  came,  which  only  these  sorcerers  could  stop,  and 
to  get  them  to  do  so  meant  giving  pigs,  stone  adzes,  spears,  sago, 
tocas  (armlets),  and  pearl  shell ;  and  often  these  were  given  with 
no  good  results  whatever.  Something  was  wrong,  and  again 
presents  would  be  given. 

These  Koitapuans  held  also  the  spirits  of  life  and  death,  and  to 
keep  friends  with  them  was  the  constant  aim  of  the  Motu  tribe. 
These  spirits  travelled  in  darkness,  and  would  thrust  a  sharp- 
pointed  instrument  between  the  flooring,  touch  a  sleeper,  and  he 
or  she  would  surely  sicken  and  die,  the  latter  certainly  if  the 
sorcerer  was  not  called  in  and  well  paid.  Many  prefer  sleeping 
in  the  open  air,  and  on  the  ground,  so  frightened  are  they  of  these 
pests. 

The  one  uncompromising  enemy  of  the  Koitapu  tribe  is  Hula, 
of  Hood  Point.  When  these  natives  go  down  to  the  west  to  fish, 
and  are  unsuccessful,  they  at  once  say,  "  Koitapu  at  it,  let  us  for 
them;"  and  a  few  years  ago  it  meant  the  death  of  several 
Koitapuans. 

When  new  sago  canoes  come  in  from  the  west  the  natives  collect 
splinters  from  each  of  them,  and  the  following  year,  when  all  are 
in  the  Gulf,  and  the  time  is  nearing  for  the  return  home,  the 
sorcerers  give  it  out  that  they  must  be  considered.  A  morning  is 
set  apart,  and  a  large  quantity  of  food  is  collected,  on  the  top 
of  which  may  be  seen  tomahawks,  beads,  tobacco,  tocas,  spears, 
and  pearl  shell.  The  sorcerer  holds  in  his  hand  a  piece  of 
an  earthenware  pot^  in  which  there  is  a  parcel  containing  the 


Rev.  J.  Chalmers  on  Manners,  etc,,  of  Tribes  of  New  Guinea.  59 

splinters,  and  over  which  he  is  supposed  to  '^meamea."  Lost 
canoes  are  always  easily  accounted  for  by  these  sorcerers.  They 
haye  often  tried  to  exorcise  the  white  mlBsionaries  and  teachers, 
but  to  no  purpose ;  they  had  to  give  up  saying  '*  God  is  strong." 
Many  in  the  Motu  tribe  have  thrown  them  over,  and  of  late  years 
their  revenue  has  been  little. 

A  short  time  ago  the  following  happened  at  a  village  about 
four  miles  from  Port-Moresby: — An  old  widow,  with  her  two 
sons,  left  the  village  of  Kevana,  forty  miles  from  Fort-Moresby, 
where  a  part  of  the  Koitapu  tribe  live,  and  went  to  Padiri 
to  live.  She  was  always  looked  upon  as  a  great  sorceress,  and 
her  sons  assisted  her.  Unfortunately,  she  boasted  constantly 
of  her  great  power,  which  was  very  displeasing  to  the  chief 
Gheita  and  others.  During  the  early  months  of  last  year  we 
had  no  rain  on  the  coast,  and  many  of  the  plantations  suffered  in 
consequence.  The  old  lady  and  her  sons  did  not  try  to  hide  their 
having  something  to  do  with  the  drought,  and  for  a  long  time 
they  were  kept  in  food  and  other  things ;  but,  no  rain  coming,  it 
was  too  much  for  Gheita,  and  he  determined  to  get  rid  of 
so  obnoxious  a  personage  and  her  sons.  She  was  known  to 
have  a  large  bag,  containing  all  kinds  of  food,  which  she 
kept  buried  near  her  house.  She  told  them  she  kept  it  to  pre- 
vent rain,  and  to  show  them  that  they  had  no  power,  that  power 
of  that  kind  rested  with  her.  Gheita  must  have  the  bag.  One 
morning  very  early  he  came  with  a  pig  to  her,  and  begged  her  to 
give  up  the  bag  and  all  that  it  contained.  After  some  hesitation 
one  of  the  sons  was  sent  for  the  bag,  and  Gheita,  taking  it^ 
scattered  the  contents  all  around.  The  pig  was  killed  and 
divided,  the  elder  son  went  with  his  wife  to  a  plantation  to  get 
food,  the  mother  was  under  the  house  with  a  number  of  other 
women,  and  the  younger  son  in  the  house.  Gheita  with  two  others 
followed  to  the  plantation,  and  arranged  when  he  had  done  Aw 
work  he  would  shout,  and  then  those  in  the  village  would  do  theirs. 
On  reaching  the  plantation,  he  asked  the  widow's  son  for  a  smoke; 
the  man  went  aside  to  his  bag  for  tobacco  and  a  leaf,  and  whilst 
engaged  in  preparing  the  pipe,  Gheita  rose,  lifted  his  spear,  and 
sent  it  clean  through  him,  the  other  two  doing  the  same.  He 
then  gave  the  long  signal-shout,  and  those  in  the  village  began; 
the  old  woman  was  soon  despatched,  but  the  son  in  the  house 
defended  himself  for  some  time,  but  was  overpowered  and  done 
with.     Friends  (?)  came,  and  took  up  the  bodies  and  buried  them. 
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An  influential  man  &t>m  Fort-Moresby,  visiting  the  village  the 
same  day,  was  told  of  the  murders  by  Gheita  himself,  who  also 
said  to  him — **  Tell  Tamate  (Chalmers)  not  be  angry,  but  I  could 
stand  it  no  longer,  and  now  it  is  done  I  am  glad,  and  so  must 
every  one  else  be."  I  sent  him  word  that  I  thought  he  should  be 
hanged. 

There  is  a  place  in  the  bush  near  to  Port-Moresby  sacred  to 
the  Koitapuans,  where  no  one  ever  treads;  to  do  so  would  be 
instant  death.  Such  places  there  were  in  many  of  the  South  Sea 
Islands.  The  name  of  this  Koitapu  place  is  Yarimana.  Long  ages 
ago,  mighty  men  went  inland  to  Sogeri,  and  carried  away  a  very 
large  stone.  On  the  way  down  many  died,  and  when  the  stone 
arrived  near  the  coast  range,  the  whole  tribe  begged  that  it  might 
be  lefb  at  Yarimana,  lest  all  should  be  exterminated.  Long  after 
it  was  carried  to  the  Koiari,  and  they  too  died  in  large  numbers. 
Again  it  was  returned,  and  buried  at  Yarimana,  close  by  a  young 
tree ;  the  tree  has  grown  very  large,  and  now  the  stone  is  quite 
covered  by  it,  but  no  one  ever  goes  near  the  place.  The  stone 
before  burial  was  carefully  wrapped  in  native  cloth,  and  bound 
round  with  well-made  twine. 

Such  was  the  story  often  told  from  generation  to  generation. 
When  the  hunting  season  came  round,  and  the  grass  in  the 
vicinity  of  the  tree  was  to  be  burned,  Mabata,  a  great  chief  and 
sorcerer  among  the  Koitapuans,  might  be  seen  clearing  a  wide  space 
so  that  the  flre  might  not  approach  near  the  tree.  A  threat  by 
Mabata  to  dig  up  the  stone  and  turn  it  over  would  at  once  strike 
terror  into  the  whole  Motu  tribe,  and  many  large  presents  would 
be  brought  him. 

Time  after  time  we  tried  to  persuade  Mabata  to  let  us  see  the 
stone,  but  not  until  last  year  were  we  able  not  only  to  see  it,  or 
rather  thffmy  but  to  secure  them.  I  oflered  the  chief  what  was 
to  him  a  very  valuable  present,  and  I  accompanied  him  inland. 
On  arrival  at  the  tree  he  walked  round  it,  and  then  asked  if 
I  was  not  afraid  1  On  my  replying — "  Certainly  not,"  he  got  a 
pointed  stick,  dug  down  a  little  distance  through  very  hard  soil 
that  did  not  appear  to  have  been  touched  for  a  very  long  time, 
until  he  came  on  a  piece  of  an  earthenware  pot  which  covered 
another  piece,  in  which  were  two  small  pebbles — the  source  of  all 
the  discomfort  of  many  generations.  He  was  very  loath  to  let 
me  have  them,  but  after  some  persuasion,  and  leaving  tobacco  as  a 
present  for  the  spirit,  I  was  allowed  to  cany  them  away. 
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On  showing  them  in  the  evening  to  a  Christian  chief,  once  a 
robber  chie^  he,  with  great  indignation,  said — "  And  is  that  what 
we  have  all  been  afraid  of  %  for  that  we  have  given  these  liars  our 
best  pigs,  best  axes,  best  tocas,  and  so  have  all  our  ancestors ) " 

For  many  generations  the  old  people  of  Barotonga  (one  of  the 
Hervej  Group  in  the  South  Seas)  spoke  of  a  stone  seat — Fenoo- 
anga  a  Tau — that  was  long  ages  before  covered  over  by  a  large 
Tamana  tree.  The  grounds  were  sacred,  and  none  carelessly  trod 
there.  To  approach  was  the  priest's  place,  and  he  only,  crouching 
and  uncovered.  When  a  limb  of  the  tree  fell  it  was  supposed 
that  some  one  of  the  chiefs  family  would  die,  and  on  several 
occasions  such  was  the  case.  In  the  year  1867  the  tree  itself  feU, 
and  soon  after  the  King  Daniela  died,  leaving  office  to  my  friend 
Abela.  When  it  was  known  that  the  tree  was  down,  people  from  all 
parts  came  in  to  see  for  themselves  the  truth  or  falsehood  of  many 
generations,  and  there,  sure  enough,  was  the  stone  with  the  short 
back  rest.  Many  times  I  have  seen  it  and  sat  on  it.  Abela  gave 
me  Tuarea  (the  name  of  the  large  tree)  to  do  with  it  as  I  liked,  only 
he  could  not  assist  in  cutting  it  up.  Having  at  the  time  many 
students,  fine  young  men  anxious  for  work,  they  in  their  odd  hours 
cut  it  up  into  logs,  and  the  school  children  sledged  it  up  to  the 
mission  ground.  Only  the  root  was  left,  which  was  afterwards 
used  in  burning  lime.  A  few  months  passed,  and  I  gave  orders 
one  morning  after  classes  to  roll  out  the  best  log  and  get  it  over 
the  sawpit.  This  was  done,  and  I  had  just  returned  to  the  house 
when  a  native  came  running  to  me,  saying,  "Makea  Abela  is 
dead."  The  night  before  I  spent  an  hour  with  him  in  front  of  his 
house,  and  he  was  then  in  excellent  health.  That  same  morning 
I  heard  of  him  threatening  some  of  his  people.  I  ran  over,  and 
found  him  in  the  bush  quite  dead.  He  died  of  heart  disease. 
Many  natives  said  it  was  Tuarea.  "Ah,  well,  we  shall  make  his 
co£&n  from  it."  I  ordered  the  morning's  log  to  be  rolled  back  and 
made  into  a  co£&n.  The  stone  and  tree  superstition  is  very  com- 
mon in  Eastern  Polynesia. 

Although  the  Motuans  are  afraid  of  the  whole  Koitapu  tribe, 
there  are  two  men  of  that  tribe  living  in  Redscar  Bay  whom  they 
fear  more  than  all  the  rest.  Maba  of  Lokurukunu  holds  great  power 
over  the  north-west  wind,  rain,  and  sun ;  and  Taru  of  the  same 
place  holds  the  south-east  wind  entirely  in  his  power.  To  these 
presents  were  constantly  brought.  When  about  to  start  for  the 
west  on  a  trading  voyage,  Maba  was  given  a  large  present  that 
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he  might  not  send  the  north-west  wind,  and  Tara  one  quite  as 
large  that  he  might  continue  the  south-east.  When  the  returning 
season  comes — end  of  December  or  beginning  of  January — ^Tam 
was  solicited  to  stay  the  south-east,  and  Maba  to  give  the  north- 
west wind.  When  planting  yams  the  Koitapuans,  holding  a  stone 
in  the  left  hand  over  the  seed,  pour  water  on  the  stone  with  the 
right,  and  allow  it  to  iaXi  all  over  the  yams  to  be  planted,  repeating 
very  quickly  the  following : — 

Asinavari  daudau  (repeat  three  times). 
Huevara  daudau  „  „  „ 

Bedovari  daudau  „  „  „ 

Naevari  daudau  „  „  „ 

£ogoyari  daudau         „  „  „ 

When  the  yams  are  just  above  the  ground,  the  following  is 
repeated  in  the  plantations : — 

Sinari  kenikeni  (repeat  three  times). 
Hueri  kenikeni        „  „  „ 

Kuela  kenikeni        „  „  „ 

Naera  kenikeni        „  „  ., 

Mabata,  the  chief  already  mentioned,  a  great  man  in  the  tribe, 
and  a  kind-hearted  fellow,  though  a  great  sorcerer,  gave  me  the 
following  prayer  used  by  him  when  he  hears  there  is  going  to  be 
fighting.  He  says,  when  he  uses  it^  that  the  fighters'  hands  hang 
down  with  weakness,  and  their  knees  tremble : — 

Tuanugu  i  ae  mai  (repeat  three  times). 
Komanugu  i  ae  mai     „         „         „ 
Vaugu  i  ae  mai  „         „         „ 

Korubuie  (repeat  twice). 

Tuauru  e  ae  a        ,.  „ 

Gorigori  e  ae  a      „  „ 

Kuru  e  ae  a  „  „ 

Gaubu  i  ae  „  „ 

Suuri  i  ae  mai   (repeat  three  times). 
Guboioboio         (repeat  four  times). 
Koieri  gamia  a  (repeat  twice). 
Gairiaki  boioboio    .,         „ 
De  umu  ba  ba        ,,         „ 

It  is  gone  over  and  over  again — truly  "vain  repetitiona" 
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In  m7  reading  of  Lubbock's  works,  with  those  of  the  well- 
known  missionary  Dr.  Turner,  I  selected  a  number  of  questions, 
which  I  try  to  have  answered  when  visiting  a  new  tribe;  and  it 
will  tend  to  increase  your  knowledge  of  the  New  Guineans  if  I 
just  throw  a  few  of  the  answers  into  readable  form. 

In  reference  to  marriage,  it  is  much  the  same  as  with  other 
uncivilised  tribes.  They  are  sometimes  betrothed  from  before 
birth,  parents  arranging  if  son  and  if  daughter  they  will  be 
married,  and  then  presents  are  exchanged  between  families.  Very 
frequently  betrothal  takes  place  just  after  birth.  Some  are  never 
betrothed.  On  betrothal  after  birth,  the  parents  of  the  boy  begin 
paying  for  the  girl,  and  will  give  her  parents  what  they  can,  as 
pigs,  sago,  arm-shells,  &e.  The  girPs  parents  also  begin  taking 
wood,  water,  and  food  to  the  boy's  parents,  and  will  continue 
doing  so  until  the  boy  and  girl  are  old  enough  to  be  married.  It 
frequently  occurs  that  neither  cares  for  the  other,  and  the  lad 
chooses  another  girl,  and  the  girl  another  lad  for  husband.  Then 
there  is  trouble,  until  the  girFs  husband  has  made  payment  to 
the  boy  or  his  parents. 

Frequently,  when  a  girl's  father  is  anxious  to  have  a  pig  or  a 
large  parcel  of  sago,  he  will  give  his  daughter  to  anyone  who  will 
give  either  of  these,  only  on  marriage  there  will  be  an  additional 
payment  of  arm-shells. 

The  girl,  on  going  to  her  new  home,  will  receive  from  her 
parents  as  dowry  a  fishing  net,  a  kangaroo  net,  a  few  spears,  pots 
for  cooking  in,  chatties  to  carry  water,  and  a  few  petticoats,  with 
a  net  bag  (kiapa)  to  carry  food  in.  The  young  man  and  woman 
will  sit  and  eat  together  just  after  her  arrival  at  his  house,  which 
is  considered  marriage.  For  years  husband  and  wife  will  remain 
loving  and  making  fun  (hegera  bada)  with  each  other,  but  when 
they  grow  old  and  have  many  children  there  is  not  much  of  it ; 
they  sit  together  and  speak  friendly,  but  do  not  "  hegera." 

A  husband  can  send  away  his  wife  if  she  does  not  please  him, 
being  too  frolicsome,  too  lazy,  and  having  bad  plantations,  or  if 
she  cannot  make  pottery,  which  is  made  entirely  by  the  women, 
or  if  she  is  a  bad  cook,  and  given  to  gadding  about.  For  any  of 
these  he  can  order  her  away,  and  the  people  will  say  ^'  Quite  right." 
The  wife  also  can  leave  if  she  is  displeased  with  her  husband,  and 
often  it  is  done.  Sometimes,  because  of  a  quarrel,  the  wife  will  leave, 
and  after  a  while  the  husband  will  go  with  a  present  to  her  friends 
and  beg  for  his  wife,  when  new  promises  are  made,  and  again  they 
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live  together.  Should  a  wife  who  has  left  her  husband  be  taken 
by  another  he  must  pay  for  her,  not  to  her  relatives,  but  to  the  late 
husband  and  his  relatives.  Some  marry  from  pure  love.  When 
eating  out  of  that  first  dish  it  will  be  noticed  how  they  sit — if  side 
by  side  and  lovingly  it  is  good,  if  back  to  back,  or  one  turns  his 
or  her  back  to  the  oth^r,  it  is  bad,  and  will  be  sure  soon  to  end. 
Sometimes,  not  often,  a  woman  has  left  her  husband,  gone  with 
another,  then  repented  and  returned  to  her  former  husband,  and 
if  very  repentant  is  received. 

For  two  brothers  or  two  men  to  have  one  wife  is  quite  unknown, 
but  polygamy  exists  amongst  some  tribes  more  than  others.  It  is 
very  prevalent  around  Aroma,  Hood  Bay,  Maiva,  Elema^  and 
Namau,  the  last  worst  of  all,  where  many  strange  customs  exist 
that  I  dare  not  touch  upon  at  present.  In  and  around  the  China 
Straits,  and  west  to  Dahuni  or  Orangerie  Bay,  a  man  will  not,  if 
he  can  possibly  help  it,  speak  to  or  meet  his  mother-in-law;  should 
she  be  visiting  her  daughter,  and  hear  her  son-in-law  coming  in, 
she  will  rush  out  at  the  other  end  of  the  house.  A  wife  will  act 
in  the  same  manner  with  her  father-in-law. 

In  some  tribes  when  a  child  is  bom,  the  husband  shuts  himself 
up,  and  for  some  days  will  eat  nothing.  In  a  few  tribes  on  the 
coast  just  after  child-birth,  the  mother  with  her  babe  will  leap 
into  the  sea.  When  the  babe  is  a  few  days  old  the  nose  is  pierced, 
and  were  the  child  to  die  without,  it  having  been  overlooked,  it 
would  be  done  immediately,  so  as  to  secure  its  happiness  in  Tauru 
— the  place  of  departed  spirits. 

Children  are  fed  often  with  things  of  strength  (so  that  strength 
may  enter  the  child),  namely,  a  large  strong  pig,  strong  wallaby,  or 
very  large  fish.  Twins  are  very  much  disliked,  relations  saying 
it  is  pig-like.  After  birth  of  the  child,  husband  and  wife  live  apart 
until  the  child  is  weaned,  which  does  not  often  happen  until  it  is 
able  to  run  about.  Should  a  child  be  bom  before  the  other  is  big 
and  able  to  run  about,  all  will  be  ashamed,  and  will  speak  of  the 
woman  as  a  pig. 

They  have  different  forms  of  salutation.  In  some  tribes  they 
rub  noses  up  and  down,  in  others  across.  Inland,  the  general 
salutation  is  to  touch  chins.  Altogether,  the  Papuans  are  less 
demonstrative  than  the  Eastern  Polynesians.  I  have  never  met  a 
tribe  in  New  Guinea  who  kiss  the  hand,  but  in  the  South  Seas  it 
is  very  common,  out  of  respect.  Only  at  the  east  end  have  I 
found  any  word  for  thanka     In  the  D'Entrecasteaux  group  they 
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saj  lannedo.  In  Milne  Bay  thej  say  Teinani,  and  at  Heath 
Island,  and  the  neighbourhood  of  China  Straits,  it  is  Kagutoki, 

I  do  not  think  the  Motuans  have  any  knowledge  of  one  Great 
Spirit^  but  the  Dahuni,  Aroma,  Hood  Bay,  Kabadi,  Maiva, 
Elema,  and  Namau  tribes  have.  Certainly  their  knowledge  is 
meagre ;  and  although  once  a  year  they  have  a  feast  with  dancing 
and  singing,  when  they  acknowledge  a  Great  Spirit,  yet  they  can  tell 
you  only  a  little  about  Him.  They  say  He  is  good  and  kind,  and 
in  distress  often  assists  them.  They  all  believe  in  the  spirits  of 
their  ancestors,  and  dread  them  much  indeed,  seeing  that  they  can 
have  no  influence  over  those  spirits.  If  spirits  are  angry  they 
will  interfere  in  fishing  and  hunting,  cause  famine,  sickness,  and 
death.  There  is  nothing  in  nature  which  they  worship.  In  £lema 
and  Namau  they  make  gods. 

As  death  approaches,  few  are  the  friends  in  the  house,  only 
near  relatives — and  every  heart-beat  is  watched  with  low  wailing, 
not  heard  by  outsiders.  Whatever  of  value  belonged  to  the  dying 
one  is  now  collected,  placed  near  to  the  body,  and  there  left.  It 
may  be,  the  flickering  life  is  more  prolonged  than  was  expected,  and 
a  fancied  hope  springs  up  within,  only  to  be  dashed  soon  by  the 
departure  of  that  life  from  its  frail  tenement.  Then,  as  the  spirit 
has  gone,  and  is  resting  on  Era — a  point  of  land  about  two  miles 
ofi*, — there  is  a  long,  loud  wail — that  of  all  hope  gone.  That  is,  I 
believe,  the  greatest  of  all  human  sobs — the  sincerest  wail  of  a 
hopeless  heart — ever  uttered. 

Female  Mends  then  assemble,  and,  whilst  the  body  is  being 
washed  and  laid  out,  they  sing  what  is  called  the  Orera — a  low, 
deep,  wailing  chant.  The  body  when  washed  is  then  dressed  in 
all  its  finery  of  life  3  if  a  fighter,  the  head  is  adorned  with  feathers, 
and  the  sihi  (stripe  of  bark  worn  for  trousers)  is  put  on  with  the 
length  hanging  in  front.  The  body  hsis  been  rubbed  over  with 
the  squeezed  juice  of  the  cocoanut,  and  not  a  little  of  that  is  mixed 
with  red  ochre,  and  the  face  is  painted.  Friends  now  come  in, 
and  for  some  time  it  is  orera,  so  that  near  relations  may  be  able 
to  weep.  They  say  at  such  a  time  the  sorrow  is  so  great  tears 
will  not  come,  and  the  heart  (kudou)  is  like  to  break;  so  when 
friends  are  weeping  and  wailing  it  opens  the  heart,  and  the  tears 
soon  flow,  and  then  there  is  relief.  During  the  night  someone 
will  say,  "  Let  us  get  our  drums  and  go  and  sit  with  the  dead, 
and  comfort  the  mourners."  The  drums  are  got,  and  all  appear, 
when  the  chief  mourner,  who  has  perhaps  been  lying  on  the  corpse. 

Vol.  XVIIL  is 
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asks  who  are  these,  and  is  told — sometimes  is  told  without  asking 
— ^that  they  have  come  to  remain  and  give  comfort  The  mourner 
or  mourners  sit  up  by  the  dead,  and  then  the  drumming  begins. 
First  they  sing  the  praises  of  the  dead,  his  or  her  goodness,  strength, 
and  wisdom;  and  then  it  is  a  livelier  strain,  such  as  they  sing  when 
on  their  trading  voyages.  As  well  as  giving  comfort,  the  drum- 
beating  and  singing  are  supposed  to  attract  the  attention  of  those 
in  Tauru  ( Avaiki  of  Polynesia  or,  beyond,  in  space),  and  they  come 
and  find  out  what  it  is,  and  returning  give  information  to  those  of 
the  relations  there,  who  come  and  give  their  assistance  for  the 
removal  of  the  spirit  to  Tauru.  The  singing  during  the  night  is 
conducted  by  the  men,  and  carried  on  until  after  sunrise.  They 
also  occasionally  during  the  night  beg  of  the  dead  to  be  with  them 
always,  especially  in  planting,  hunting,  and  fishing.  In  the  morn- 
ing food  is  cooked,  and  the  singers  and  drum-beaters  are  fed.  At 
times  there  is  a  large  quantity  of  food,  and  if  the  relatives  can 
afiford  a  pig  it  is  killed  and  divided. 

Friends,  some  time  after  daylight,  arrange  amongst  themselves  to 
dig  the  grave  without  informing  the  immediate  relativea  The 
grave  is  dug  in  the  main  street,  in  front  of  the  deceased's  house, 
a  shallow  grave,  of  only  two  feet  deep.  During  the  morning  the 
body  is  placed  on  a  mat  in  the  grave,  and  a  plank  placed  over  all. 
Over  the  grave  a  house  is  built,  and  the  chief  mourners  live  there 
for  about  two  moons  and  a  half.  It  is  necessary  that  they  should 
live  there,  to  show  their  great  love  for  the  dead.  Should  a  wife  or 
husband,  or  child  or  psurent,  neglect  this,  they  would  be  spoken 
about  as  imfeeling  and  unloving,  who  never  smelt  their  relative. 
For  four  days  there  arc  ordinary  feasts  given,  and  on  the  fifth  a 
large  one,  after  which  all  friends  go  to  their  homes.  Those  living 
in  the  house  over  the  grave  use  the  juice  from  the  body  to  mix 
with  charcoal,  made  from  cocoanut  husk,  which  is  used  in  blackening 
themselves,  when  they  really  do  look  hideous.  They  never  leave 
house  during  the  day,  but  at  night  go  out.  When  the  time  comes 
for  real  burial,  all  the  bones  are  taken  up,  carefully  cleaned  with 
water,  rubbed  with  oil,  and  painted  with  ochre.  A  small  feast  is 
cooked  for  relatives,  and  the  bones  are  placed  in  a  new  mat  and 
laid  in  the  grave,  when  all  is  covered  with  earth. 

And  what  of  the  spirit?  There  are  various  stories,  but  the 
most  prevalent  is  that  on  leaving  the  body  it  goes  to  Era,  whore 
it  rests  before  going  to  Tauru.  There  a  platform  of  sticks  is 
made,  on  which  the  spirit  is  placed,  with  a  large  fire  underneath. 
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which  is  kept  boming  for  two  days  and  two  nights,  when  the 
spirit  is  dry  and  much  lighter,  and  it  then  enters  into  the  great 
Taum  country,  where  it  for  ever  remains  in  happiness,  marrying 
and  giving  in  marriage,  and  bearing  sons  and  daughters,  planting 
food  and  getting  abundant  returns — no  sorrow,  but  all  joy.  Spirits 
have  no  noses,  but  every  other  member  is  right.  Why  they  should 
be  without  a  nose  I  am  unable  to  find  out. 

In  former  times  the  Koitapu  tribe  did  not  bury,  but  placed 
their  dead  in  caves  or  on  ledges  of  rock.  Some  time  ago  I  visited 
one  of  these  places.  It  was  quite  away  from  the  haunts  of  men. 
Several  skulls  and  a  large  quantity  of  bones  lay  about.  They  laid 
the  dead  on  a  plank,  carried  it  in,  placed  it  on  the  ledge  under- 
neath a  large  piece  of  overhanging  rock,  and  then  left  it.  Of  late 
years  they  have  adopted  the  Motu  custom,  and  bury  as  the  Motu- 
ans  do.     The  Koitapu  spirit-land  is  away  back  in  the  mountains. 

Taroa,  Manukolu,  and  others  on  the  coast  ranges  keep  their 
dead  in  the  house  until  falling  to  pieces,  to  the  great  annoyance 
and  discontent  of  those  who  happen  to  be  to  leeward  of  the 
houses.  The  juice  of  the  body  they  use,  as  the  Motuans,  to 
blacken  themselves  with.  When  the  body  is  "  falling  to  pieces," 
the  bones  are  carefully  washed;  the  smaller  ones  are  strung 
together,  and  carried  about  often  as  a  necklace,  and  the  larger 
ones  buried. 

Kabadi  and  Elema  bury  deep,  and  have  no  bone-cleaning,  only 
they  have  all  the  feasting,  and  for  long  live  in  houses  built  over 
the  grave. 

Namau  bury  in  very  shallow  graves,  and  leave  the  head  exposed, 
so  that  friends  may  often  come  to  the  relatives  and  see  it.  When 
the  head  separates  from  the  body,  it  is  well  cleaned  and  carried 
home,  there  to  be  kept,  the  teeth  extracted,  to  wear  as  ornaments 
on  the  ear  or  round  the  neck. 

Koiari  leave  the  body  in  the  house,  and  frequently  leave  the 
place  and  build  elsewhere.  Once  when  travelling  inland  we  came 
to  a  deserted  village,  and  in  two  houses  found  skeletons. 

Sometimes  they  keep  the  body,  as  at  Kaile  and  Kapakapa,  and 
wrap  it  in  mats,  hang  it  over  the  fire  to  dry,  and,  after  a  time, 
put  it  away  in  the  hole  of  a  rock  close  by  the  village.  They  also 
clean  the  bones  at  other  times,  and  carefully  bury  them,  placing 
spears  and  cooking  pots  over  the  grave. 

Hula  do  the  same  as  Kaile  and  Kapakapa  in  some  instances, 
in  others  they  bury  and  never  dig  up. 
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Kerepunu,  Kalo,  Babaga,  and  Kamali  all  bury  deep,  sometimes 
build  houses  over  the  grave,  and  there  sleep,  but  do  not  again 
disturb  the  body. 

At  Dahuni  they  have  both  plans.  Some  are  buried  in  a  sitting 
posture,  the  upper  part  of  the  head  exposed,  and  covered  with  an 
earthenware  pot.  In  about  two  months  a  large  feast  is  prepared, 
and  the  head  is  taken,  well  cleaned,  put  in  a  basket,  and  hung  up 
in  the  house.  Others  are  put  on  a  kind  of  platform  and  there 
left,  except  the  head,  which  is  taken  and  done  with  as  above. 

All  natives  are  great  believers  in  dreams.  In  sleep  the  spirit 
leaves  the  body  and  wanders,  and  if  it  meets  with  those  that  are 
dead  it  is  that  it  has  got  to  spirit-land,  and  is  holding  commune 
with  those  long  since  gone  hence.  If  it  has  travelled  amongst  the 
living  it  may  have  seen  something  of  use,  heard  something  likely 
to  take  place,  and  so  returns  to  the  sleeping  body.  Such  are 
dreams,  and  they  are  often  acted  upon. 

I  shall  now  close  this  paper  by  naming  a  few  of  the  Motumotu 
tribe's  amusements  :— 

Avafiu. — Two  sides  throw  pieces  of  wood  at  one  another. 

Ipa, — Ball  made  from  pith  of  a  banana  tree,  or  a  bladder,  kept 

in  the  air  from  hand  to  hand  by  a  crowd. 
Aposieka. — Sham  fighting  with  small  bows  and  arrows. 
Karoa, — Dancing  in  ring,  and  then  pass  under  joined  hands,  the 

last  detained. 
Lavi, — Two  join  hands,  a  third  sits  on  them,  and  is  tossed  up  and 

down  until  thrown  oflf. 
Hohore. — Hide  and  seek. 

Koa. — Hide  something  in  sand,  others  come  and  try  to  find  it. 
Laka. — Make  a  mound  of  sand,  and  jump  over  it  without  touching 

the  top. 
Kaukavare, — Chase  and  touch. 
Morapaisavare, — Cock-fighting ;  two  sit  down  and  try  to  overturn 

one  another  with  feet. 
Ori, — Kite-flying. 
Fareafarea. — Stilt- walking. 
Mavaesika. — Small  canoe  sailing. 
Rakanei  — Football. 
Ope, — Shinty  or  golf. 
Poioki. — Swing  from  tree. 
Ita, — Fig ;  get  hold  of  a  boy  and  make  him  hang  on,  as  a  pig,  to  a 

stick,  and  carry  him  about. 
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Mori, — A  number  of  girls  carry  one  on  a  plank,  all  singing  and 

shouting. 
Foipea, — Wrestling. 

MatUoa. — Chasing  and  trying  to  strike  with  short  stick. 
Sugautera, — Chase,  and  trip  or  try  to  throw  down. 
Levaki, — Dancing  in  a  ring,  with  one  in  centre,  who  tries  to 

break  through. 
Kerori, — Sitting  in  a  ring  and  catching  hold  of  ears,  singing  and 

swinging  in  concert. 
Fctrisaboi, — A  number  sit  close  together,   make  a  pinnacle  of 

hands,  sing,  and  sway  them  up  and  down. 
Ase, — The  members  of  one  party  stand  compact  together,  and  are 

attacked  by  another  party,  who  try  to  break  into  or  throw 

them  down. 

In  the  afternoons  and  evenings  the  time  is  mostly  spent  in  such 
games. 
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VI. — Report  from  the  Conference  of  DelegcUes  of  Corresponding 
Societies  cU  the  BirmingJuim  Meeting  of  tJhe  British  Associa- 
tion^  September^  1886,  Bt  Henbt  Muibhead,  M.D.,  LL.D., 
Comlnislang, 

[Read  15th  December,  1886.] 


Having  been  appointed  to  attend,  on  behalf  of  diis  Society,  the 
Conference  of  Delegates  of  Corresponding  Societies  in  connection 
with  the  British  Association  for  the  Advancement  of  Science,  at 
that  Association's  Meeting  in  Birmingham,  I,  in  September  last, 
attended  the  two  Conferences  held,  and  have  to  report: — 

At  the  first  meeting  the  chair  was  occupied  by  Professor  A.  W. 
Williamson,  General  Treasurer  to  the  British  Association.  Various 
proposals  were  brought  forward ;  among  others,  suggestions  as  to 
investigations  concerning  Injurious  Insects,  Erratic  Blocks  or 
Boulders,  British  Barrows,  and  other  Prehistoric  Remains. 

Pi*ofessor  Lebour  remarked  that  in  many  local  Societies  there 
were  engineers  connected  with  large  works  who  might  make  useful 
investigations,  which  would  be  fiEusilitated  if  backed  up  by  the 
British  Association.  He  therefore  hoped  that  other  subjects 
besides  Natural  History,  Geology,  and  Anthropology  would  be 
recognised. 

Captain  Galton  explained  that  the  object  of  the  Conference  of 
Delegates  was  to  bring  the  corresponding  Societies  in  direct  com- 
munication with  all  the  Committees  of  the  British  Association,  to 
which  the  local  Societies  or  individual  Members  of  these  might 
render  assistance.  This,  of  course,  could  only  be  cflfected  by  degrees ; 
but  he  suggested  that,  as  a  preliminary  step,  it  would  be  found 
useful  to  place  the  Delegates  on  the  Committees  of  those  Sections 
in  which  they,  or  their  Societies,  had  the  most  interest.  Dr. 
Williamson  supported  this  suggestion,  and  it  was  agreed  to. 

The  following  resolution,  framed  with  the  object  of  keeping 
the  Corresponding  Societies  informed  of  the  work  being  done  by 
the  British  Association  Committees,  was  moved  by  Dr.  Garson, 
seconded  by  Captain  Galton,  and  passed  unanimously: — "That 
the  Secretary  of  the  British  Association  be  requested  to  send  a 
list  of  the  several  Committees  appointed  by  the  Association  to 
each  of  the  Delegates  of  the  Corresponding  Societies,  or  to  the 
Secretaries  of  those  Societies,  as  soon  as  possible  after  the  meeting 
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of  tbe  Association,  together  with  a  copy  of  the  proceedings  of  the 
Conference  of  Delegates." 

A  copy  of  the  lists  and  of  the  proceedings  having  been  for- 
warded to  me,  I  now  exhibit  them,  and  shall  place  them  in  the 
Reading-room  for  perusal  by  Members. 

At  the  second  meeting  the  Chairman,  Professor  Boyd  Daw- 
kins,  suggested  that  the  best  mode  of  procedure  would  be  to 
take  the  Sections  of  the  Association  seriatim  and  hear  the  recom- 
mendations forwarded,  and  remarks  from  the  Delegates,  respecting 
the  lines  of  investigation  in  which  the  local  Societies  could  take 
part. 

No  recommendations  came  from  Sections  A  (Physics)  or  £ 
(Chemistry).  On  the  invitation  of  the  Chairman,  Mr.  Mott  sug- 
gested that  much  useful  work  might  be  done  by  local  Societies  in 
recording  sjrstematically  the  appearance,  position,  direction,  <fec.,  of 
luminous  meteors.  Mr.  White  remarked  that  Societies  that  were 
favourably  situated  might  undertake  systematic  observations  of  local 
Tidal  and  Magnetic  phenomena.  Mr.  Heywood  stated  that  many 
valuable  Meteorological  observations  were  buried  in  the  log-books 
of  steamships,  and  suggested  that  some  of  the  local  Societies  might 
render  good  service  to  Meteorology  by  examining  such  books  and 
making  records  of  important  entries.  Mr.  Hopkinson  pointed  out 
two  ways  in  which  Meteorological  and  Phenological  Science  might 
be  advanced : — (Ist)  There  might  be  observers  of  Rainfall  and  other 
Meteorological  phenomena  in  different  parts  of  the  country  who 
did  not  communicate  results  to  Mr.  Symons  [or  to  Mr.  Buchan], 
but  who  might  be  prevailed  on  to  send  reports ;  (2nd)  Observa- 
tions of  the  times  of  Flowering  Plants,  first  appearance  of  Birds, 
Insects,  &c.,  might  be  forwarded  to  Mr.  Symons,  Secretary,  Royal 
Meteorological  Society,  by  observers  who  had  not  been  in  the 
habit  of  so  doing. 

From  Section  C  (Geology)  there  were  three  recommendations : — 
(1st)  In  reference  to  investigations  regarding  Sea-coast  Erosions ; 
(2nd)  Regarding  circulation  of  Underground  Waters  in  permeable 
strata,  and  the  quantity  and  quality  of  the  Water  supplied  to 
Towns ;  (3rd)  Regarding  records  of  the  position,  height  above  sea, 
lithological  characters,  size,  and  origin  of  Erratic  Blocks. 

The  following  are  the  names  of  the  respective  Secretaries  of  the 
Committees  to  whom  information  may  be  transmitted  : — 
Undergr<yund  Waters — C.  E.  De  Ranee,  F.G.S.,  28  Jermyn  Street, 
London,  S.W.; 


72  FhUa8ophic€U  Society  of  Glasgow, 

Erratic  Blocka—HeY.  H.  W.  Croflskey,  LL.D.,  117  Gough  Road, 

Edgbaston,  Birmingham ; 
Seorcoasta  Erosion — WiUiam  Topley,  F.G.S.,  28  Jermyn  Street, 

London,  S.  W. ;  and  I  add  for 

Meteorological  and  FhenologiccU  Observations — G.   J.   Symons, 

F.R.S.,  62  Camden  Squara,  London,  N.W.;  Alex.  Bucfaan, 

M.A.,  Shandwick  Place,  Edinburgh,  Secretary,  Meteorological 

Society  of  Scotland.  • 

Professor  Lebour,  College  of  Science,  Newcastle,  stated  that  for 
some  time  a  Committee  had  been  engaged  on  the  subject  of  Earth 
Tremors  in  their  possible  connection  with  Mine  Explosions.  The 
more  extensive  the  area  over  which  such  observations  are  made  the 
more  valuable  they  would  become.  The  cost  of  expensive  instru- 
ments would  be  lessened  if  large  numbers  were  used.  He  will  be 
glad  to  afford  any  information. 

Section  D  (Biology). — In  reference  to  the  Preservation  of  Native 
FUmts,  Professor  Hillhouse,  of  Mason's  College,  Birmingham, 
stated  that,  in  reply  to  inquiries,  he  had  received  details  of  the 
disappearance  of  between  two  and  three  hundred  plants  from 
localities.  He  had  counselled  the  omission  of  the  localities  of  rare 
plants  from  the  local  floras  published. 

In  reference  to  Local  Museums^  the  Chairman  stated  that  in 
this  country  they  were  generally  in  a  deplorable  condition.  The 
first  thing  to  be  done  was  to  exclude  from  such  all  specimens  not 
truly  local.  He  considered  that  this  country  was  much  behind 
Germany,  America,  and  France  in  the  matter  of  Local  Museums. 

Section  H  (Anthropology). — As  a  Member  of  the  Committee 
appointed  "to  ascertain  and  record  the  localities  in  the  British 
Islands  in  which  the  evidence  of  the  existence  of  Prehistoric 
Inhabitants  of  the  country  is  found,"  I  shall  be  glad  to  receive  any 
information,  or  communicate  with  any  lady  or  gentleman,  on  the 
subject. 

I  have  abstracted  these  items  from  the  report  that  they  may  be 
brought  under  the  notice  of  Members  who  may  not  have  know- 
ledge of,  or  opportunity  for  consulting,  the  printed  papers  in  the 
reading-room. 

Professor  Meldola,  21  John  Street,  Bedford  Row,  London,  W., 
is  Secretary  of  the  Conference  of  Delep^tes. 


Note. — I  ought  to  mention  that  tho  Delegates  were  placed  on  the 
Committees  of  Sections,  in  compliance  with  the  suggestion  contained  in 
the  fourth  paragraph  of  this  Paper. — H.  M. 
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VII. — On  the  Progress  of  Technical  JEducation,  toith  Special 
Reference  to  the  Glasgoio  Weaving  College,  By  David 
Sandeman. 


[Read  before  the  Society,  15th  December,  1886.] 


In  a  paper  by  Mr.  E.  M.  Dixon  and  myself,  read  before  the  Society 
in  1882,  on  "  The  relation  of  the  School  to  the  Workshop,"  we 
avoided  saying  anything  in  favour  of  the  former  superseding  the 
latter  in  the  execution  of  work. 

In  the  paper  which  I  shall  now  have  the  honour  of  reading,  I 
shall  endeavour  to  prove  that  the  school  fulfils,  however,  a  very 
important  and  necessary  part  in  Technical  Instruction,  of  which 
the  numbers  who  are  now  anxious  to  avail  themselves  are  con- 
clusive evidence;  and  I  shall  likewise  enumerate  various  facts 
which  show  the  progress  which  has  of  late  been  made  in  this 
direction,  by  the  increase  and  extension  of  the  opportunities  for 
carrying  out  so  laudable  a  desire. 

The  successive  Exhibitions  which  have  taken  place,  and  which 
have  been  patronised  by  the  highest  authorities,  have  from  time 
to  time  been  the  means  of  making  known  to  us  wherein  other 
nations  excelled  us — to  wit,  generally  in  those  manufactures  or 
works  of  art  in  which  a  more  intimate  acquaintance  with  the 
principles  of  design  was  evident;  and  it  was  no  doubt  the  know- 
ledge of  this  which  led  the  Prince  of  Wales  to  inaugurate  the 
Technical  College  at  Bradford,  and  otherwise  to  promote  the 
progress  of  industrial  education.  The  Universities  have  likewise 
shown  a  praiseworthy  interest  in  the  movement,  by  the  endow- 
ment of  chairs  dealing  specially  with  the  subject. 

The  City  of  London  Guilds  generally  have  shown  themselves 
worthy  descendants  of  their  predecessors  in  the  reign  of  Queen 
Elizabeth,  when,  as  Froude  stated,  some  years  ago,  *'  England  was 
stirred  from  end  to  end,  by  the  threatened  invasion  of  the  Spanish 
Armada,  fitted  out  by  Philip  of  Spain.  Queen  Elizabeth  appealed 
to  the  loyalty  of  her  people,  and  ships  were  fitted  out,  volunteers 
flocked  to  her  standard,  and  even  the  City  Companies  and  Citizens 
of  London  brought  their  treasures  and  plate,  and  offered  them  to 
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the  Queen  for  the  defence  of  the  country."  In  like  manner  they 
have  now  come  forward,  animated  by  the  same  patriotic  spirit, 
to  ward  off  the  great  industrial  invasion  threatened,  and  to  some 
d^ree  effected,  by  our  foreign  rivals. 

For  this  purpose  they — but  especially  the  Worshipful  Company 
of  Clothworkers — ^have,  by  the  exercise  of  most  princely  liberality, 
been  the  means  of  establishing  Chairs  in  Technical  Collies 
and  Schools  in  England,  and  of  otherwise  promoting  the  cause  in 
Ireland  and  Scotland,  by  largely  contributing  to  the  formation  of 
schools,  and  encouraging  their  students,  by  awards  of  medals, 
diplomas,  and  money  prizes.  They  have  thus  greatly  strengthened 
the  hands  of  our  manufacturers  in  their  efforts  to  meet  and  to 
counteract  the  competition  by  which  we  are  in  danger  of  being 
beaten  in  some  branches  of  industry,  and  they  have  succeeded,  by 
their  generous  action,  in  impressing  the  public  mind  with  the 
necessity  incumbent  on  the  employers  of  labour  in  this  country  to 
avail  themselves  of  the  means  whereby  our  foreign  rivals  have 
attained  an  excellence  which  threatens  to  lessen  our  pre-eminence 
as  a  manufacturing  nation. 

Let  us  look  for  a  little  into  what  has  been  done  abroad ; 
and  in  drawing  attention  thereto,  we  cannot  but  admire,  particu- 
larly among  our  German  neighbours,  the  thorough  and  complete 
organization  of  their  Technical  Schools,  of  which  it  is  said,  that  it 
was  the  schools  as  much  as  the  needle  gun  which  were  instru- 
mental in  conquering  the  French.  It  is  well  known  that  it  was 
the  defeat  of  the  Germans,  at  the  battle  of  Jena,  which  aroused 
the  national  spirit,  and  led  to  the  establishment  of  the  Technical 
Schools,  which  have  gradually  instructed  the  German  people,  and 
enabled  them  after  so  many  years  of  indefatigable  perseverance  to 
obtain  the  mastery  over  their  French  adversaries.  This  it  has 
taken  them  sixty-four  years  to  accomplish.  The  growth  of  their 
strength  has  been  slow,  but  it  is  all  the  more  likely  to  be  permanent 
in  its  results. 

*'  The  Weaving  Schools  of  Germany,"  says  the  Repoi-t  of  the 
Royal  Commission  on  Technical  Education,  *^  are  among  the  best  of 
their  kind  that  we  have  seen ;  we  select  three  which  represent  the 
best  types  of  these  schools.  The  first  is  the  Spinning  and  Weaving 
School  at  Mulhouse,  which  is  the  best  illustration  that  we  have 
seen  of  insjxuction  in  cotton-spinning,  while  it  is  also  complete  in 
appliances  for  power-loom  weaving,  and  possesses  an  extensive 
variety  of  looms  from  the  best  makers  in  competing  countries ; 
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the  second,  is  the  Higher  Weaving  School  at  Chemnitz,  in  Saxony, 
one  of  the  best  examples  of  a  school  for  teaching  the  application 
of  desiims  to  the  loom,  and  for  varied  instruction  in  the  weavine 
of  ^y  kinds  of  fabri.  by  hand-  and  power-loom ;  the  thJ 
school  is  that  which  has  been  recently  erected  at  Grefeld,  at  a 
cost  of  £42,500 — of  all  schools  we  visited  for  teaching  designing, 
the  application  of  the  design  to  the  loom,  the  manual  operations 
of  weaving  in  the  best  makes  of  hand-  and  power-looms,  and  the 
dyeing  and  finishing  of  manufactured  goods — this  school  is  the 
most  complete  and  the  most  important. 

*'  There  are  33  hand-  and  27  power-looms ;  two  engines — a  12- 
horse  power  compound  steam-engine  and  a  4-horse  power  gas- 
engine  ;  numerous  class  rooms  and  lecture  rooms,  and  reading 
room,  a  museum  of  textile  fabrics,  with  studios  for  designers,  all 
lighted  by  electricity,  supplied  by  two  dynamo  machines,  driven 
by  a  12-horse  power  engine  in  the  basement.  The  school  derives 
a  portion  of  its  annusd  income  from  the  fees  of  the  students,  and 
the  deficiency  is  made  up  by  grants  from  the  State,  the  Munici- 
pality, and  the  Chamber  of  Commerce.  During  the  present  year 
(1884)  the  deficiency  is  expected  to  be  £3,000,  which  will  be 
raised  as  follows  : — 

'*  The  State  (half  the  expenses  up  to  a  maximum  of  £1,500),  £1,500 

"  The  Town,  one-fourth, 750 

"  The  Chamber  of  Commerce,  one-fourth  (from  the  profits 

**  of  the  silk  conditioning  house),      -        -        -        .        750 


£3,000 


"  The  fees  for  weaving  and  dyeing  instruction  are,  for  Prussians 
£10,  for  other  Germans  £15,  and  for  foreigners  £25  a  year." 

It  may  be  asked.  How  is  it  that  a  people  like  the  Germans, 
already  so  heavily  taxed  to  support  their  enormous  military  expen- 
diture, are  willing  to  undertake  the  maintenance  of  Technical 
Schools  %  Their  reply  is,  that  we,  and  other  nations  to  whom  they 
sell  their  productions,  amply  repay  the  outlay  in  the  increased 
value  of  the  goods  produced. 

Mr.  Swire  Smith,  a  member  of  the  Royal  Commission,  states 
in  a  lecture  recently  delivered  at  Ripon : — "  The  Commissioners 
found  that  the  Technical  Instruction,  which  is  acknowledged  by  the 
best  judges  to  have  been  the  main  cause  of  the  superiority  of  our 
livals  in  certain  manufactures,  is  almost  precisely  the  instruction 
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which  English  Mechanics'  Institutions  were  founded  to  give  over 
sixty  years  ago.  Now,  mark  the  difference  in  their  educational 
machinery  and  its  results.  The  foreign  Technical  Schools  have  been 
built  and  equipped  by  Governments  and  municipalities,  at  con- 
siderable cost,  for  the  sole  purpose  of  training  their  manufacturers 
and  artizans  in  the  principles  of  the  arts  they  practise,  so  as  to 
enable  them  to  meet  the  industrial  competition  of  Elngland.'' 

I  am  glad  to  remark  that  the  downward  course  of  Mechanics' 
Institutes  in  this  country  has  recently  been  arrested,  and  that  a  new 
departure  introduced  in  a  strictly  scientific  direction,  the  successful 
issue  of  which  is  notably  shown  in  the  excellent  work  now  done 
by  the  College  of  Science  and  Arts  in  Glasgow,  formerly  the 
Mechanics'  Institution,  as  also  throughout  England,  especially 
where  the  Science  element  now  prevails  in  all  these  institutions. 

I  might  refer  to  what  is  being  done  in  France  and  Switzerland, 
where  great  attention  is  paid  to  the  teaching  of  design,  which  for 
many  years  has  enabled  those  countries  to  excel  us  in  the  pro- 
duction of  works  of  art  of  every  description.  There  is  in  Zurich  a 
Polytechnic  School,  the  completeness  and  extent  of  which  may  be 
estimated,  when  it  is  stated  that  there  are  upwards  of  200  distinct 
courses  of  lectures,  given  by  45  professors  and  13  assistants.  Its 
budget  in  1876  was : — 

Annual  Federal  Subvention, £13,880 

Annual  Subvention  of  the  Canton  of  Zurich,                  -  640 
Annual  Subvention  of  the  Canton  and  Town  of  Zurich, 

for  the  purposes  of  the  Natural  History  Collection,  176 

Fees  paid  by  Students, 3,794 


£18,490 


■B> 


The  total  annual  expenditure  was  a  little  under  £20,000.  In 
addition  to  this,  a  total  of  nearly  £20,000  has  been  bequeathed, 
and  a  sum  of  £50,000  has  been  voted  by  the  Federal  Council  for 
the  extension  of  the  chemical  laboratories  in  the  school 

In  Paris  there  is  the  "  Eoole  National  des  Arts  Decoratifii," 
where  16  professors  give  gratuitous  tuition  to  about  800  pupils, 
the  greater  number  being  above  14  years  old,  who,  before  gaining 
admission,  however,  must  prove  that  they  are  able  to  profit  by 
the  instruction  given  therein.  The  budget  of  the  school  is  £4,236, 
towards  which  the  Ministry  of  the  Fine  Arts  contributes  £3,796, 
and  the  City  of  Paris,  £240,  the  balance  being  derived  from  sundry 


^drib^uaM 
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legacies.  Schools  of  Art  of  a  similar  kind  exist  in  nearly  every 
provincial  town  in  France.  In  Lyons  the  municipality  grant 
£2,280  a  year  to  their  Art  School. 

In  Koubaix  a  new  Technical  School  is  being  built,  the  probable 
cost  of  which  ^11  be  at  least  £80,000,  towards  which  £48,000 
will  be  contributed  by  the  Government  Department  of  Fine  Arts, 
and  £32,000  by  the  municipality.  It  is  expected  that  the  annual 
cost]of  maintenance  will  not  be  less  than  £3,200. 

In  Ghent  (Belgium),  in  1847,  there  was  extreme  depression  of 
trade,  and  the  linen  branch,  for  which  the  town  had  become  par- 
ticularly famous,  threatened  to  leave  it  altogether.  The  importation 
of  linens  from  other  countries  had  become  so  extensive,  and  their 
cheapness  so  severely  threatened  annihilation  to  the  staple  industry, 
that  a  loud  cry  arose  for  the  Government  to  protect  the  manu- 
facturers by  the  imposition  of  prohibitive  duties.  The  Govern- 
ment wisely,  however,  turned  a  deaf  ear  to  the  clamour  of  the 
population,  and  said  that  they  were  determined  not  to  protect 
ignorance,  and  would  much  rather  encourage  intelligence.  Acting 
upon  this  resolution,  they  established  Technical  Schools,  the  good 
effect  of  which  was  presently  manifested  in  the  restoration  of 
confidence  in  the  industry  of  their  own  artizans,  when  properly 
directed ;  and  from  that  date,  a  revival  of  their  trade  commenced, 
and  has  continued. 

In  Canada  and  the  United  States  there  exist  numerous  Science 
Schools — in  Philadelphia  and  Boston,  Schools  of  Design ;  and  a 
beginning  has  also  been  made  to  establish  a  Weaving  School  in 
Philadelphia;  but  there  are  numerous  high-class  institutions  for 
technical  and  scientific  training,  in  mining,  civil  and  mechanical 
engineering.  Mr.  Mather,  in  his  report  addressed  to  the  Royal 
Commission,  says: — *'I  am  of  opinion  that  in  these  branches, 
judging  from  my  own  observation,  there  is  nothing  better  of  the 
kind,  though  such  institutions  are  more  numerous  at  present  in 
Europe."  I,  myself,  visited  three  of  these  Technological  Institutes 
— namely,  the  Kensaeller  at  Troy,  the  Stevens  at  Hoboken,  and  the 
School  of  Technology,  Boston ;  and  on  my  return  from  America, 
at  a  discussion  in  this  Society  in  the  Session  of  1876,  I  made 
reference  to  them,  observing  that  they  had  commenced  technical 
work  in  metallurgy  and  engineering,  to  wMch  an  eminent  engineer 
of  this  city  replied — "  that  what  our  friends  in  the  States  were 
doing  in  this  respect  was  no  guide  for  us ;  they  having  no  large 
shops  such  as  we  had,  were  obliged  to  have  Technical  Schools^ 
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whereas  we  could  give  our  youth  a  more  thorough  knowledge  of 
engineering  in  the  workshop/' 

I  bowed  at  the  time  to  this  gentleman's  opinion,  as  I  felt  that 
he  was  a  far  more  competent  judge  of  the  subject  under  discussion 
than  I  could  pretend  to  be ;  but  of  late  years,  I  find  that  another 
local  engineer,  of  equal  eminence,  had  sent  one  of  his  sons  to  the 
Technological  Institute  at  Boston,  and  upon  my  inquiry  as  to  the 
benefit  derived  by  his  attendance  there,  I  was  informed  by  his 
partner,  in  his  own  words : — "  15th  November,  1885.  Mr.  H.  J. 
M.  made  very  great  progress  at  the  Institute  of  Technology  in 
Boston,  Mass.,  and  a  year  ago  brought  home  samples  of  handiwork 
which  surprised  us  all.  I  would  have  been  pleased  to  see  a  three 
years'  apprentice  here  produce  what  a  year's  teaching  enabled  him 
to  do.  There  is  no  doubt  we  must  have  more  manual  training 
schools  here." 

I  have  already  referred  to  the  College  of  Science  and  Arts, 
Anderson's  College  fully  maintains  its  reputation  as  a  scientific 
institution,  while  we  have  also  in  our  midst  the  Allan  Glen  School, 
well  known  in  the  educational  world  as  a  pioneer,  introducing 
Technical  Instruction  into  day  schools  for  boys.  In  this  new 
departure  it  has  been  eminently  successful,  and  probably  its 
example  will  be  followed  by  others  in  Glasgow.  An  especial 
feature  of  this  school  is  workshop  instruction  in  the  use  of  tools. 
The  school  is  divided  into  three  departments,  (1)  the  Elementary, 
consisting  of  three  classes ;  (2)  a  Secondary,  also  consisting  of 
three  classes;  and  (3)  a  Technical  department,  in  which  the 
science  subjects  in  the  advanced  stage  are  taken,  together  with 
practical  exercises  in  the  use  of  tools.  A  period  of  two  years  is 
devoted  to  this  workshop  instruction,  with  very  satisfactory  results. 
I  hope  that  I  shall  be  excused  going  into  this  detail,  owing  to  the 
very  practical  character  initiated  by  the  Allan  Glen  Institution, 
forming,  as  it  does,  an  excellent  basis  from  which  the  higher 
Technical  Instruction  can  spring. 

The  Science  and  Art  Department,  South  Kensington,  is  likewise 
bearing  its  full  share  of  Technical  work,  by  granting  payment  on 
results,  which  increases  steadily,  there  being  at  present  upwards  of 
150,000  students  in  Science  classes  under  this  Department,  which 
shows  a  large  increase  over  the  number  in  previous  years.  This 
increase  is  chiefly  in  subjects  which  are  of  special  value  in 
Technical  Education,  such  as  Mathematics,  Machine  Construction 
and  Drawing,  Mechanics,  Chemistry,  and  Building  Construction. 
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The  work  done  in  these  classes  bulks  mainly  in  large  centres  of 
population,  and  in  those  places  where  there  are  schools  in  which 
systematic  instruction  in  allied  branches  of  science  can  be  given, 
showing  that  the  quality,  as  well  as  the  quantity,  of  the  instruction 
is  improving.  Some  idea  of  the  aid  given  by  the  Department  can 
be  gathered  from  the  fact  that  three  institutions  in  Glasgow 
obtained  amongst  them  more  than  £3,000,  while  the  total  amount 
earned  in  this  city  will  be  above  £6,000,  as  the  result  of  this  year's 
work. 

The  Educational  Endowments  Commissioners  have  issued  a 
scheme  under  which  the  existing  endowments  shall  be  amalgamated, 
and  henceforth  administered  by  the  governing  body  constituted 
therein,  incorporated  by  the  name  of  "The  Governors  of  the 
Glasgow  and  West  of  Scotland  Technical  CJollege."  I  have  no 
doubt,  by  availing  themselves  of  all  the  present  teaching  power, 
and  extending  it  where  more  is  required,  that  greatly  increased 
means  for  the  promotion  of  Technical  knowledge  will  result. 

In  14  schools  in  Bavaria,  Belgium,  France,  Germany,  Holland, 
and  Switzerland  I  find  that  the  funds  for  their  erection,  equip- 
ment, and  maintenance  are  provided  as  follows  : — 

The  Municipalities  contribute    -         -         -         about  1 1  per  cent. 
The  States  or  Governments  contribute  ,,      74        „ 

The  Students' Fees  amount  to    -  .,15        „ 


100 


This  is  a  proof  of  the  value  attached  to  Technical  Instruction  by 
the  authorities  in  the  countries  named. 

I  turn  now  with  pleasure  to  the  action  of  our  School  Board,  in 
having  included  Drawing  as  one  of  the  branches  of  education, 
which  will  greatly  facilitate  the  work  of  the  Technical  instructors, 
by  enabling  the  pupils  who  may  come  under  their  tuition  to  follow 
the  lessons  given  in  the  lecture  room  with  greater  intelligence.  In 
illustration  of  their  work  I  may  quote  the  words  of  Mr.  Kennedy, 
in  a  communication  kindly  sent  to  me,  dated  26th  October,  1886 : — 

"  Ever  since  the  Board  had  day  schools,  Drawing  has  been 
taught  and  has  been  a  prominent  subject.  In  appointing  teachers, 
the  Board  made  sure  that  one  or  more  in  each  school  had 
certificates  to  teach  Drawing.  As  the  result  of  the  Commission 
on  Technical  Education,  the  standard  in  Drawing  has  been 
i*aised,  and  a  much  larger  grant  ofiered  ;  a  special  examiner  from 
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the  Science  and  Art  Department  now  goes  to  each  school;  there 
is  a  regular  graded  system  of  instruction,  as  in  reading  or  any 
other  branch ;  the  qualifications  of  the  teachers  have  also  been 
raised ;  certain  time  must  be  devoted  to  the  teaching  of  Drawing, 
and  it  must  be  taught  regularly  over  all  the  school  year.  A 
premium  of  £5  is  offered  by  the  Board  to  every  pupil  teacher 
who  obtains  the  full  D  certificate.  This  has  had  a  considerable 
influence  in  interesting  the  pupil  teachera  in  the  drawing  classes. 
In  nine  schools,  evening  drawing  classes  are  carried  on,  and 
already  there  have  been  enrolled  650  students.  Design  is  taught 
in  all  the  advanced  classes.  The  average  number  of  scholars, 
in  the  Glasgow  Board  Schools,  attending  Drawing,  as  at  Sep- 
tember, 1886,  was  49,055.  In  most  of  our  new  schools,  rooms 
have  been  specially  built  for  the  teaching  of  Drawing,  and 
furnished  with  all  the  modem  appliances  and  apparatus,  and 
no  sooner  are  any  of  them  opened  for  classes  than  they  are  largely 
patronised." 

I  would  recommend  any  one  who  has  not  seen  the 
accommodation  provided  for  instruction  in  Drawing,  Design, 
and  Modelling,  to  visit  the  Kent  Road  and  Townhead  Schools. 
The  facilities  for  teaching  Drawing  provided  by  our  School 
Board  will  naturally  lead  such  of  their  scholars  as  desire  ex- 
cellence, to  attend  the  classes  of  the  Haldanc  Academy,  where 
the  highest  instruction  in  those  subjects  is  given  by  an  eminently 
qualified  head-master  and  staff  The  Trustees  of  the  Weaving 
School,  desirous  of  enabling  their  students  to  have  the  opportunity 
of  benefiting  by  this  instruction,  have  formed  a  class  under  the 
superintendence  of  Mr.  Kirkpatrick,  one  of  the  Academy  masters, 
which  will  entitle  the  students  to  examination  by  the  Kensington 
Science  and  Art  Department,  and  to  compete  for  its  awards. 
They  have  to  acknowledge  the  readiness  with  which  Mr.  Newberry, 
the  head-master,  co-operated  with  them  in  effecting  this  desirable 
result,  and  they  fully  anticipate  great  advantages  to  follow  the 
introduction  of  this  essential  element  in  all  Technical  Education. 

In  looking  over  the  different  Schools  of  Art  throughout  the 
kingdom,  I  was  struck  with  an  account  of  the  various  means  by 
which  the  Birmingham  School  has  been  established.  I  give  the 
following  extract  from  a  letter  which  I  received  from  its  Secretary, 
in  reply  to  my  inquiry  regarding  its  history  : — 

"  Birmingham,  1st  December,  1886 Until 

September,  1885,  the  Birmingham  School  of  Art  was  conducted 
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by  a  private  body  of  subscribers.  In  November,  1881,  Miss 
Ryland  and  Messrs.  R.  <fe  G.  Tangye  oflfered  £20,000  for  the 
building  of  a  new  school,  on  condition,  that  on  the  completion  of 
the  building,  the  management  of  the  school  should  be  under- 
taken by  the  Town  Council  .  .  .  .  Mr.  W.  B.  C.  Colmore 
gave  a  piece  of  land  1000  square  yards  in  extent — a  valuable  site 
in  the  centre  of  the  town.  These  offers  were  accepted  by  the 
Council,  and  the  subscribers  to  the  school  concurred  in  the 
titmsfer  of  the  same  to  the  Corporation.  An  alteration  on  the 
plans  led  to  an  additional  cost  of  XI, 254  5s.  4d.,  which  was 
defrayed  by  Messrs.  Tangye,  making  the  total  cost,  exclusive  of  the 
value  of  the  site,  £21,254  5s.  4d.      A  sum  of  £3,520  has  been 

spent  in  furniture  and  fittings For  maintaining  the 

School  of  Art  and  its  eight  branches,  the  estimate  of  expenditure 
over  receipts,  approved  by  the  Town  Council  for  the  present 
year,  is  £2,135.  The  necessary  funds  are  provided  by  the  Free 
Libraries  Act,  in  which  the  authorities  took  power  to  mise  the 
assessment  rate  to  cover  the  expenses  of  the  Central  School  of 
Art,  with  its  eight  branches,  the  Central  Free  Library  and  five 
branches,  News-room,  Museum,  and  Art  Gallery.  The  rate  is 
2-06d." 

The  importance  of  Drawing  cannot  be  over-estimated.  The 
Commissioners  on  Technical  Education  had  recommended  '*that 
Drawing  and  Writing  should  be  considered  as  one  subject  in 
elementary  schools." 

Sir  Philip  Magnus  said  at  a  recent  conference  in  London,  '*  that 
in  many  of  the  countries  which  he  had  visited  models  had  been 
placed  before  the  pupil  at  the  very  commencement  of  his  work; 
it  was  thought  advisable  to  familiarize  the  pupil  at  the  outset, 
however  young,  with  the  power  of  representing  on  paper  the 
things  themselves  which  he  saw  before  him ;  in  fact,  the  difference 
between  drawing  from  a  copy,  and  drawing  from  a  model,  was 
very  much  like  the  difference  between  learning  a  science  from 

books,   and   learning  it  from   nature He  was 

happy  to  be  able  to  say  that  the  appeal  to  foreigners  for  designs 
was  very  much  less  than  formerly.  Not  long  since  the  designs 
for  nearly  all  the  lace  fabricated  in  Nottingham  came  from 
Paris,  but  now  the  large  majority  of  the  designs  used  in 
England  were  the  results  of  work  done  in  the  Nottingham  Art 

School He   was    quite   sure   that   manufacturers 

were  short-sighted  in  not  doing  more  in  their  own   towns  for 
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the  promotion  of  Technical  education ;  the  remedy  to  alleviate 
the  ill  effects  of  the  system  of  payments  on  results  must 
come  from  the  manufacturers  rather  than  from  the  State. 
When  they  and  other  persons  were  prepared  to  put  their 
hands  into  their  pockets  to  support  the  Art  and  Science 
Schools,  by  giving  fixed  salaries  to  the  masters,  then,  no  doubt, 
the  effect  of  payment  by  results  would  be  less  injurious  than 
it  was  at  present." 

I  would  further  quote  from  the  report  of  the  Technical 
Education  Commissioners,  that  "  drawing  from  models  and  casts 
should  be  taught  in  all  elementary  schools ;  .  .  .  .  and  with 
regard  to  Technical  instruction  that  local  authorities  sliall  be 
empowered,  if  they  think  fit,  to  establish  and  maintain  Secondary 
and  Technical  Schools." 

In  reference  to  what  Sir  Philip  Magnus  has  said  upon  this  system, 
he  admits  it  would  be  a  complete  revolution  in  our  teaching,  for 
which  we  are  not  prepared,  and  wemust  continue  to  retain  thissystem- 
How  would  it  do  to  effect  a  compromise  by  abolishing  it  in  the  higher 
Secondary  or  Technical  Schools,  by  giving  the  head-masters  hand- 
some fixed  salaries,  and  retaining  it  only  in  the  elementary  schools? 

I  must  now  give  some  account  of  the  Weaving  Department  of 
the  Glasgow  Technical  College.  Erected  in  1876-77,  it  was  opened 
in  September,  1877,  and  has  now  entered  its  tenth  session.  From 
its  last  annual  Report  it  will  be  seen  that  the  original  building, 
including  site  and  additions  from  time  to  time,  has  cost  £5,037, 
subscribed  by  a  number  of  gentlemen,  not  exceeding  sixty  in  num- 
ber ;  and  I  am  glad  to  say  it  is  free  from  debt.  It  is  three  floors  in 
height,  the  ground  floor  consisting  of  vestibule,  and  two  sheds, 
containing  27  hand-  and  18  power-looms  and  beaming,  with 
appliances  for  warping  and  preparing  warps,  <fec.,  and  an  engine 
of  8-horse  power,  with  storage  for  coals,  <fec.  On  the  first 
floor,  besides  a  private  room  for  the  Instructor,  there  is  a  Lecture 
Hall,  capable  of  seating  about  sixty  students.  All  the  power- 
looms  are  the  gifts  of  their  respective  makers,  and  an  additional 
one,  which  was  shown  at  the  Edinburgh  Exhibition,  by  Messrs. 
Hollings worth,  for  which  the  gold  medal  was  awarded,  will  shortly 
be  presented  to  the  School  by  them.  The  second  floor  forms  the 
dwelling-house  of  the  Instructor,  Mr.  Brown,  who  has  for  above 
four  years  occupied  this  position,  with  credit  to  himself  and 
acceptance  to  the  students.  He  possesses  an  amount  of  knowledge 
of  the  art  of  weaving  rarely  equalled,  and  probably  unsurpassed ; 
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and  he  is  ably  assisted  by  Mr.  Light,  a  thorough  adept  in  every 
detail,  and  by  a  young  lad  whose  services  are  very  valuable. 

The  hours  of  instruction  are,  for  the  initiatory  class,  Mondays 
and  Thursdays  from  9  to  11  and  11  to  1,  and  in  the  evening  from 
7  to  9 ;  for  the  advanced  class,  Tuesdays  and  Fridays,  from 
7  to  9  p.m.;  while  both  classes  receive  instruction  on  Mondays, 
Wednesdays,  and  Fridays,  from  9  to  1 1  and  1 1  to  1  o'clock.  A 
mechanic  attends  every  evening  from  7  to  9  to  see  to  and  keep 
the  looms  and  ma<;hinery  in  proper  working  order.  A  very 
important  duty  is  performed  by  the  gratuitous  services  of  a 
Visiting  Committee,  who  keep  themselves  in  constant  touch  with 
the  Instructor  and  Secretary;  indeed,  there  can  be  no  doubt  that 
the  success  which  has  attended  the  work  of  the  school  is  greatly 
due  to  the  harmonious  co-operation  of  those  in  charge  of  it. 

The  promoters  of  the  Weaving  School  calculated  upon  an 
average  of  20  pupils,  but  the  number  exceeded  this  the  first  year 
and  each  succeeding  year,  making  tiie  attendance  average  62,  while 
this  session  there  are  73 ;  so  that  it  may  be  held  as  firmly  established 
as  a  branch  of  Technical  instruction,  and  is  supplying  a  want  which 
has  been  felt. 

Now,  as  to  the  occupation  of  the  students,  they  are  power-loom 
tenters,  clerks  and  warehousemen,  designers,  sons  of  millowners 
and  manufacturers,  mill  managers,  mechanics,  and  young  men 
whose  occupation  is  not  yet  determined.  Of  the  latter  there  are 
seven  free  presentations  from  the  Trades'  House  and  the  Incor- 
poi'ation  of  Weavers. 

I  must  now  reply  to  a  very  natural  inquiiy,  namely: — What  is 
the  object  which  the  various  students  have  in  view?  Gkjnerally,  I 
would  say,  in  reply,  that  they  come  to  have  their  knowledge  of 
textiles  expanded,  and  go  eagerly  in  for  a  certain  amount  of  practice 
in  hand-loom  weaving  and  mounting.  They  appreciate  the  lessons 
in  the  analysis  of  cloth,  at  which  they  show  great  aptitude,  being 
able  in  a  short  time  to  set  down  the  movements  of  warp  and  weft 
on  point  paper,  from  which  they  then  make  entering  and  cording 
plans;  as  also  pegging  and  cord  cutting,  a  knowledge  of  which 
enables  them  to  produce  the  cloth  which  they  have  analysed  either 
in  identical  fabric  or  with  variations. 

This  course  of  procedure  is  likewise  greatly  valued  by  tenters, 
who,  although  well  skilled  in  the  management  of  looms,  are  some- 
times deficient  in  knowledge  of  fabrics,  and  the  easiest  method  of 
producing  them.      Tliey  join  the  classes  to  obtain  an  insight  of 
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looms,  or  parts  of  looms,  which  thej  have  no  opportunity  of  getting 
in  the  factories  where  they  are  employed.  Some  come  to  get  a 
clearer  idea  of  shedding  by  wypers,  others  to  know  more  about 
dobbies  and  jacquards — each  desirous  of  strengthening  the  weak 
points  in  his  experience.  Cloth  inspectors,  who  can  detect  the 
faults  in  cloth,  come  to  learn  the  causes  of,  and  how  to  prevent, 
such  imperfections,  and  to  gain  a  general  knowledge  of  cloth  manu- 
facturing. Power-loom  beaniers  come  for  a  general  extension  of 
knowledge  of  factory  work,  to  enable  them  to  attain  a  higher 
position ;  and  mechanics,  to  learn  how  their  work  is  applied,  and 
by  the  knowledge  of  looms  and  cloth  which  they  acquire,  to  rise  to 
the  position  of  tenters  or  managers.  Such  promotion,  I  have  the 
satisfaction  of  knowing,  has  taken  place  among  our  own  students. 
Of  pattern  designers  we  generally  have  a  few ;  they  come  to  learn 
how  the  design  is  embodied  in  cloth,  and  from  the  knowledge 
which  they  acquire  of  the  construction  of  the  harness  and  jacquard 
machine,  they  greatly  enhance  their  individual  work.  Warehouse- 
men and  buyers  and  sellers  of  goods  come  for  a  general  knowledge 
of  how  they  are  made,  and  to  arrive  at  some  estimate  of  their 
cost,  of  which  we  can  well  understand  the  importance.  Manufac- 
turers' sons  and  millowners'  sons  come  to  obtain  a  practical  as 
well  as  a  theoretical  knowledge,  not  so  readily  acquired  in  their 
own  works,  which  are  usually  limited  to  a  particular  class  of 
fabric,  instead  of  the  variety  met  with  at  the  Weaving  School. 

While  I  leave  to  others  the  advisability  of  extending  the  applica- 
tion of  Technical  instruction  to  other  branches  of  industry,  I  would 
urge  as  a  powerful  argument  in  favour  of  its  necessity  to  that  of 
Weaving,  the  fact  of  the  apprenticeship  system  having  passed  away. 
I  wish  to  call  attention  to  another  feature  in  connection  with  the  art 
of  Weaving.  I  refer  to  the  total  extinction  of  the  draw-boy,  whose 
period  of  service  to  the  weaver  formed  a  sort  of  preliminary  ap- 
prenticeship to  the  trade.  As  the  draw-boy  has  ceased  to  exist  and 
has  almost  been  forgotten,  I  may  explain,  thatprevious  tothe  adoption 
of  the  jacquard  machine,  he  was  a  constant  and  indispensable 
assistant  to  the  hand-loom  weaver.  His  chief  duty  was  to  form  the 
sheds  in  regular  succession  necessary  to  produce  artistic  designs  on 
cloths  of  all  descriptions.  This  he  had  to  do  by  his  own  physical 
exertion,  thus  saving  the  weaver  the  work  which  he  now  performs  by 
means  of  the  jacquard  machine,  in  addition  to  which  the  draw-boy 
was  almost  constantly  employed  in  many  other  ways  by  the  weaver, 
such  as  tying  broken  warp  ends  and  broken  cords  of  the  simpler 
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sort,  fetching  pirns  from  the  winder  and  weft  from  the  warehouse, — 
indeed,  being  what  is  in  some  of  our  higher  schools  designated 
a  "  fag  "  or  slave  to  his  master,  the  weaver,  from  mom  to  night;  and 
thus  he  naturally  and  almost  unconsciously  acquired  a  knowledge 
of  the  leading  principles  of  high-class  weaving  before  he  was 
regularly  apprenticed  to  the  trade.  Now  that  we  have  no  such 
employment  for  boys,  and  this  opportunity  for  teaching  a  useful 
art  has  passed  away,  a  powerful  argument  is  thereby  constituted 
for  the  establishment  of  schools  to  supply  the  gap. 

The  Trustees  receive  letters  from  students  who  have  attended 
the  School  expressing  their  gi-ateful  thanks  for  the  earnest  attention 
and  zealous  care  devoted  to  them  by  Mr.  Brown  while  under  his 
instruction.  With  very  few  exceptions,  all  have  derived  substantial 
benefit,  not  only  giving  them  pleasure  in  their  work,  but  enabling 
them  to  fight  the  battle  of  life  with  more  confidence  as  to  its 
result,  while  the  knowledge  which  they  have  acquired  has  been 
the  means  of  raising  their  value  in  their  respective  fields  of  employ- 
ment, and  also  in  some  cases  of  becoming  skilled  manufacturers 
themselves.  Application  is  frequently  made  to  the  School  for 
foremen,  which  has  led  to  satisfactory  engagements;  and  as  the 
merits  of  the  School  become  generally  known  it  will  be  much 
resorted  to  by  manufacturers  in  search  of  skilled  assistance. 

The  Weaving  School,  with  all  its  plant,  being  free  from  debt,  it 
is  only  necessary  to  provide  means  for  its  annual  support,  which  it 
is  estimated  will  be  about  £250  in  excess  of  the  students'  fees. 
This  amount  has  hitherto  been  subscribed  by  twelve  firms  giving 
£20  each,  and  four  giving  £10  each,  annually  for  seven  years; 
and  it  is  to  be  hoped  that,  now  that  the  School  is  thoroughly 
established,  the  required  number  will  come  forward  to  occupy 
the  place  held  by  the  sixteen  firms  who  have  been  so  generous. 

The  necessary  companion  to  a  Weaving  School  is  one  for  Dyeing ; 
indeed,  in  every  instance  the  two  classes  of  instruction  are 
associated  towards  this  end.  The  Trustees  have  pleasure  in  stating 
that  they  have  received  £1,931  13s.  4d.,  but  as  an  additional 
amount  of  from  £2,000  to,£3,000  may  be  required,  and  as  they 
wish  to  open  it  (as  they  did  in  the  case  of  the  Weaving  School) 
free  of  debt,  they  would  earnestly  appeal  to  the  citizens  of  Glasgow, 
but  especially  to  the  manufacturing  community,  to  contribute  the 
requisite  amount,  and  thus  enable  them  to  carry  out  the  remain- 
ing obligation  to  complete  the  means  of  instruction  in  the  art  of 
producing  textile  fabrics. 
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'*  Peace  has  its  victories  as  well  as  war.*'  Our  national  jBtrength 
lies  as  much  in  the  skill  and  efficiencj  with  which  we  conduct  our 
manufacturing  industries  as  in  our  noble  fleet  and  army;  and  if  we 
do  not  grudge  the  expenditure  involved  in  their  equipment  upon 
the  latest  and  most  approved  svstem,  to  prevent  our  falling  behind 
in  the  arc  of  war,  we  surely  cannot  with  consistency  refuse  con- 
tributing a  comparatively  small  portion  of  our  means  to  ensure 
our  predominance  in  the  arts  of  peace. 

Since  writing  the  foregoing  remarks,  I  observe  that  at  a  meeting 
of  the  General  Council  of  the  Glasgow  International  £xhibition, 
1SS8,  the  memorandum  and  articles  of  association  were  approved 
of,  the  principal  point  in  which  is  the  clause  dealing  with  the 
disposal  of  any  surplus,, which  it  provides  is  to  be  handed  over  to 
the  Corporation  of  Glasgow,  to  be  applied  towards  erecting  and 
maintaining  a  Gallery  of  Art,  or  Museum  of  Science  and  Art,  or 
otherwise  to  promote  science  and  art  in  the  city.  Let  us  hope 
that  the  surplus  will  enable  the  Council  to  carry  out  efficiently  the 
purpose  aimed  at. 
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VIII. — On  Coal-gas:  and  tht  Coal  Qiiestion^  in  its  bearings  on  the 
Illuminating  power  of  Gas.     By  William  Key. 


[Read  before  the  Society,  let  December,  1886.] 


You  are  all  familiar  with  the  uses  to  which  coal-gas  is  now  applied. 
These  uses,  other  than  lighting,  have  of  late  years  been  increasing 
in  an  extraordinary  manner ;  and  when  the  merits  of  coal-gas  are 
better  understood,  as  being  convenient,  safe,  reliable,  easily  brought 
to  the  full  power  required,  and  as  easily  and  instantaneously  shut 
off,  while  it  is  at  the  same  time  cleanly  and  economical,  we  may 
expect  that  its  application  to  many  more  industries,  and  the 
extension  of  its  use  for  cooking  and  heating  will,  in  the  immediate 
future,  proceed  at  so  great  a  rate  that  we  can  foim  no  adequate 
conception  of  the  ultimate  demand  that  will  be  made  on  our  gas 
factories.  In  these  factories  we  now  employ  gaseous,  in  preference 
to  solid,  fuel  wherewith  to  heat  the  retorts  in  which  the  gas  coals 
are  carbonized. 

For  developing  power  directly  by  the  use  of  gas  22,000  gas 
engines  of  the  "  Otto  "  type  have  been  sold.  These,  at  an  average 
of  4  horse-power  each  nominal,  or  8  horse-power  indicated,  give  a 
total  of  176,000  indicated  horse-power;  and  to  this  extent  gas 
engines  of  this  one  type  have  supplanted  the  old-fashioned  steam- 
boiler  with  its  coal-furnace  and  atmosphere-polluting  chimney- 
stalk,  etc. 

For  general  cooking  purposes  no  fuel  could  be  more  constant  and 
economical,  and  I  refer  you  to  the  accompanying  table  in  which 
are  embodied  the  results  obtained  by  various  experimentalists. 
The  great  economy  of  gas  at  3s.  per  1,000  cubic  feet  over  coals 
costing  168.  6d.  per  ton  is  there  illustrated. 
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is  wanted  from  early  morning  till  late  at  night,  the  kitchen-range 
should  then  be  coal-fired. 

The  ordinary  coal  fire  is  a  particularly  wasteful  one,  as  it  is 
computed  that  only  one-fifth  of  the  heat  that  ought  to  be  available 
from  the  coal  to  warm  the  room  is  eflfective,  the  other  four-fifths 
passing  up  the  chimney  flue.  When  we  did  nob  use  any  other 
form  of  fire  for  warming  the  air  of  rooms  than  the  ordinary  open 
coal  fire,  it  never  occurred  to  us  that  any  special  means  should  be 
adopted  for  ventilating  the  apartment.  Such  a  thing  would  seem  to 
be  quite  superfluous  when  it  is  calculated  that  the  enormous  volume 
of  10,000  cubic  feet  of  air  is  drawn  up  each  ordinary  fireplace  every 
hour;  and,  as  our  atmosphere  is  much  more  frequently  moist  and 
cold  than  warm  and  dry,  this  cold  damp  air  drawn  hourly  through 
each  room  must  be  one  of  the  readiest  means  of  producing  colds 
and  other  ailments.  In  the  future  a  very  responsible  duty  will 
be  placed  on  architects,  who  will  be  required  to  provide  proper 
means  to  control  the  ingress  and  egress  of  air  to  each  apartment 
(other  than  the  rough-and-ready  plan  of  the  past — by  yawning 
open  fireplaces),  and  thus  convey  away  the  products  of  respiration 
and  combustion  at  a  level  as  near  to  the  ceiling  as  possible. 

To  use  gas  economically  for  lighting  purposes,  we  should  employ 
as  large  flames  and  as  few  of  them  as  possible,  with  not  more  than 
/^  of  an  inch  of  pressure  on  the  house  fittings;  for  gas  of  23 
candle-power,  ^j^  of  an  inch  of  pressure  would  certainly  be  better 
if  we  could  use  so  low  a  pressure  with  this  rich  gas,  and  at  the 
same  time  prevent  the  flame  from  giving  off"  smoke  or  unconsumed 
carbon.  We  sometimes  hear  of  people  complaining  of  not  being 
able  to  read  the  newspaper  in  their  rooms,  while  they  have  two 
or  three  jets  all  burning  at  one  time.  The  reason  for  this  state  of 
things  is  that  the  burners  are  too  small,  whereby  the  consumer 
may  be  losing  60  per  cent,  of  the  light  which  the  gas  is  capable  of 
developing;  and  the  remedy  is  to  get  one  good  Bray's  adjustable 
burner.  No.  |  for  large  rooms,  or  No.  ^  for  parlours  and  bedrooms, 
and  a  No.  ^  for  small  apartments,  in  place  of  using  three  or  four 
smaller  ones.  By  burning  the  gas  in  this  way  50  per  cent,  to  1 00 
per  cent,  more  light  from  the  volume  of  gas  used  will  be  obtained; 
and  if  a  satisfactory  light  is  not  obtained  by  these  burners,  then 
there  is  some  defect  either  of  the  fittings  or  of  the  supj»ly  requiiing 
immediate  attention.  A  good  No.  7  or  No.  8  Bray's  regulator 
jet  would  also  develop  the  light-giving  qualities  of  the  gas  to 
advantage. 
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It  should  lie  home  in  mind  that  the  QJd-ftwhinnad  ghm  ^obe  is 
not  suitcKi  for  these  burners.  &ny  more  than  for  the  old  pattern 
small  jets,  owing  to  the  upward  rush  of  air  preventing  the  flame 
from  attaining  the  high  incandescence  neoessaiT  to  the  de^elop- 
ment  of  light  from  the  caH>on :  no  globes  should  be  used  whidi  have 
the  lower  opening  smallor  than  the  upper  one.  New  globes  o£  clear 
glasfts  with  j«  4-iiicli  or  4^-inch  opening,  both  at  top  and  bottom,  do 
verv  w«ill. 

It  must  kio  a  very  large  room  indeed  when,  except  for  effect 
or  ornamentation,  more  than  one  burner  is  required  to  lig^t  it 
properly,  so  that  o\'on  s  newspaper  may  be  comfortably  read  in 
lUiv  ronio.r.  Oiw  No.  f  or  t  Bray's  adjustable  burner,  consuming 
altout  !)  rubir  {t*o\  per  hour,  ^-ill  light  a  room  IS  feet  by  15  feet. 
1  siio^  \u\rt'  thror  Brsy  s  No.  ?>  re^lator  yests.  consuming  9  feet 
}>«  iinui.  uiid  more  liirht  ii^  got  from  the  No.  j  adjustable  btimer, 
rxmsuuiiiig  ''  trw't  por  hour,  t.haii  from  these.  To  explain  the  loss 
MTisiup  iroin  Uir  ust^  iii  small  lots  and  too  much  pressure,  I  have 
praiMircci  wiUl  (iiMgraius  fri\m  tlir  tablef«  by  Dr.  William  Wallace 
aitu  Ih  Si^vnniion  Mttoadam.  Theme  dearlv  show  t^  loss  finom 
luM  pro^wrly  dcx'iUoping  the  lighi-gix-ing  propertaes  of  the  gas  in 
mtr  flanift 
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Liverpool  and  Manchester,  where  the  illuminating  power  of  the 
gas  is  20  candles,  also  Leeds  and  Carlisle,  with  18  to  19  candle- 
power);  yet  we,  representing  only,  say,  two  millions  of  Scotch 
consumers,  who  have  always  believed  that  they  have  been  using 
gas  of  at  least  26  candle-power,  never  discuss  the  "  gas  question  " 
without  the  vitiation  of  the  atmosphere  becoming  a  leading  topic. 

We  cannot  expect  any  thing  else  than  that  the  uninitiated  ordinary 
consumer  should  imagine  that  a  richer  quality  of  gas  must  be 
a  better  quality.  From  this  misapprehension  and  a  want  of 
knowledge  of  the  enormous  loss  he  sustains  by  paying  for  a  quality 
of  gas  which  he  is  unable  to  use,  unless  in  a  manner  whereby  only 
a  fraction  of  its  illuminating  power  is  developed  at  the  burner,  he 
is  never  heard  to  ask  for  a  lower  quality  of  gas,  as  his  reasoning 
leads  him  to  be  afraid  of  increased  gas  accounts,  loss  of  light,  and 
a  greater  vitiation  of  the  air  of  his  rooms.  It  is  a  fallacy  to 
suppose  that  gas  manufacturers  sell  light — no  such  thing;  if  we 
did,  then  we  ought  to  be  bound  to  supply  at  the  burner  the  full 
light-giving  properties  of  the  gas,  be  it  20  candle-power  or  26 
candle-power,  developed  in  one  flame,  as  it  is  manufactured  to  be 
used;  but,  unfortunately,  we  only  sell  "coal-gas,"  and  the  matter 
of  the  light  to  be  developed  from  it  at  the  burner  is  left  entirely 
in  the  hands  of  the  consumers.  It  is  a  pity  that  the  elucidation 
of  this  subject  is  hindered  year  by  year  by  a  few  gas  manufactui'ers 
who  support  the  popular  outcry  for  still  richer  gas,  whereas  by- 
virtue  of  their  position  they  ought  to  be  "  men  of  light  and  leading," 
instead  of  talking  as  if  they  did  not  know  any  better  than  an 
ordinary  consumer. 

It  is  only  by  the  methods  prescribed  by  Act  of  Parliament,  by 
the  use  of  nicely  adjusted  and  expensive  appliances  and 
governors,  in  the  stillness  of  our  dark  gas-testing  chambers,  that 
the  full  light-giving  properties  of  26-candle  gas  can  be  economically 
developed;  and  the  impossibility  of  applying  to  the  burners  of 
ordinary  consumers  the  care  practised  by  the  gas  examiner  renders 
it  impracticable  to  consume  so  rich  a  gas  in  a  profitable  manner  in 
ordinary  work-a-day  practice. 

Should  the  pressure  be  too  low  the  air  becomes  filled  with  smut 
and  smoke,  and  a  stifling  sensation  is  the  result;  even  when  the 
proper  pressure  is  applied,  should  the  least  current  of  air  disturb  a 
flame  of  this  sort,  the  result  is  the  same;  and  when  more  than  the 
proper  pressure  is  applied  so  as  to  "  stiflfen  "  the  flame,  then  there 
is  vitiation  of  the  air  of  the  apartment  from  the  escape  of  un- 
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consumed  or  improperly  consumed  gas.  This  is  caused  by  the  too 
rapid  passage  of  the  gas  upward  in  the  flame,  which  does  not 
allow  of  sufficient  time  for  the  oxidation  of  the  gas. 

It  is  impossible  by  any  means  to  get  26-candle  gas  practically 
applied  to  general  illuminating  purposes,  if  it  is  to  be  profitably 
consumed,  so  as  to  develop  its  full  light-giving  properties  at  the 
burner.  To  do  otherwise,  while  entailing  loss  on  the  consumer,  it 
has  been  proved  (1)  that  26  candle-power  light  at  each  burner 
was  not  wanted  or  required,  but  a  light  of  less  candle-power ;  and 
(2)  that  the  percentage  of  loss,  by  reducing  the  volume  of  gas  used 
below  5  cubic  feet  per  hour  at  each  jet,  increased  as  the  amount 
used  became  less ;  so  that  a  point  was  reached  in  every-day  practice 
entailing  a  serious  tax  on  the  poor.  The  generality  of  consumers, 
being  the  poorest  class,  are  found  paying  30  to  60  per  cent,  more 
for  the  gas  they  do  bum  than  those  who  require  more  light  and 
develop  it  at  the  burner  accordingly.  The  manufacture  of  26- 
candle  gas  was  a  serious  tax  on  the  poorer  consumers,  who  seldom, 
if  ever,  desired  it,  and  in  fact  did  not  require  more  light  than  from 
10  to  12  candle-power  at  any  one  burner. 

I  have  tested  these  two  burners  [shown],  each  consuming  2  J  feet 
per  hour,  and  when  placed  so  as  to  consume  the  five  feet  in  one 
flame,  and  have  found  the  loss,  by  dividing  the  five-feet  flame  into 
two,  each  consuming  2  J  feet  per  hour,  to  be  77^^  per  cent.  By  the 
consuming  of  the  five  feet  per  hour  in  the  single  flame,  the  solid 
particles  of  carbon  in  the  gas  are  highly  heated  with  the  assistance 
of  the  burning  hydrogen  gas,  thus  reflecting  light  and  gi\nng'the 
flame  its  luminosity;  so  that  the  more  heat  we  can  get  in  one 
flame,  the  better  light  we  get  from  the  volume  of  gas  burned ;  and 
on  the  other  hand,  the  smaller  the  volume  of  gas  burned  in  one 
flame,  the  loss  of  light  from  the  volume  actually  used  becomes 
greater.  To  explain  this,  let  us  assume  the  gas  to  be  of  25  candle- 
power,  with  a  consumption  of  5  cubic  feet  per  hour ;  then,  when 
one-fifth  of  the  gas  is  used — namely,  one  foot  per  hour, — one-fifth 
of  the  25  candle-power,  or  5  candle-power  light,  is  not  evolved,  but 
one-and-three-quarters  candle-power.  Thus,  when  25  candle-power 
gas  is  so  used,  only  8*75  candle-power  is  obtained  for  every  five 
feet  used,  in  place  of  25  candle-power,  being  a  loss  to  the  consumer 
of  65  per  cent. 

I  have  made  a  calculation  in  order  approximately  to  discover 
what  loss  accrues  to  the  Glasgow  public  by  the  use  of  26-candle 
gas  in  their  dwellings,  and  I  take  for  my  purpose  the  district 
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within  the  city  boundaries.  In  making  up  my  estimate  of  loss,  I 
have  used  the  tables  jjrepared  by  Dr.  William  Wallace,  the  City  of 
Glasgow  Gras  Examiner.  When  I  mention  lights  of  20  candle-power, 
I  assume  that  20  candle-power  is  the  maximum  light  developed  at 
the  burner  for  every  five  feet  of  26-candle  gas  used  in  one  light  per 
hour,  in  daily  practice;  and  the  percentage  of  loss  with  lower 
qualities  of  gas  will  be  found  to  be  in  the  same  ratio,  according 
as  the  burner  used  be  large  or  small.  In  examining  the  accom- 
panying table,  it  is  not  necessary  that  the  exact  number  of  lights 
and  quantities  of  gas  used  be  obtained  ;  it  is  sufficient  if  we  have 
a  table  approximately  correct,  for  it  would  be  quite  impossible 
to  obtain  by  a  house-to-house  visitation  any  more  reliable  data. 

(See  Table  on  page  97.) 

The  important  feature  of  Table  V.  is  that  it  works  out  a  given 
volume  of  gas  used,  when  anything  larger  than  a  10  to  12  candle- 
power  light  would  be  an  utter  waste  of  light,  and  shows  the  loss 
to  those  consumers  by  their  developing  only  10  to  12  candle- 
power  light,  while  using  26  candle-power  gas  to  do  so. 

In  the  first  column  we  have  shown  the  number  of  rooms  in 
each  house;  and  the  second  column  shows  the  number  of  houses 
within  the  city  having  these  numbers  of  rooms  in  each,  for  the 
year  1881.  This  information  I  obtained  from  Mr.  Nicol,  the 
City  Chamberlain.  In  the  third  column  is  shown  what  I  estimate 
may  be  the  annual  gas  account  in  each  of  these  houses,  in  cubic 
feet  of  gas,  up  to  houses  of  seven  apartments;  and  the  fourth 
column  shows  the  money  value  at  3s.  per  1,000  cubic  feet.  The 
probable  total  number  of  lights  in  each  house  is  given  in  the  fifth 
column,  and  the  next  shows  what  number  of  these  are  likely  to 
be  of  10  to  12  candle-power.  In  the  seventh  column  we  have 
the  number  of  houses  multiplied  by  the  number  of  10  to  12  candle- 
power  lights,  showing  a  total  of  255,177  lights.  The  eighth  column 
represents  the  number  of  lights  in  each  house,  that  may  reasonably 
be  expected  to  develop  20  candle-power  at  the  burner.  Of  course, 
although  we  assume  that  these  lights  develop  this  rich  quality  of 
gas  at  the  burner,  we  may  fairly  estimate  that  not  more  than  one- 
tenth  of  these  do  actually  develop  anything  like  20  candle- 
power,  and  that  16  to  18  candle-power  would  probably  be  nearer 
the  mark.  However,  we  say  in  the  ninth  column  that  54,310 
jets  are  represented  to  be  of  20  candle-power.  This  number  is 
equal  to  one-sixth  of  the  total  lights  of  all  kinds  in  the  houses 
within  the  city.     In  column  ten,  wo  have  the  total  volume  of  ga^ 
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used  annually  by  lights  of  10  to  12  candle-power.  That  is  got  by 
deducting  from  column  three  the  volume  of  gas  used  by  each  20 
candle-power  light.  Then,  in  the  next  column  we  have  computed 
that  in  the  larger  houses  4,000  cubic  feet  are  used  annually  in  each 
jet  of  10  to  12  candle-power.  And  to  find  the  total  quantities  of 
gas  used  by  the  10  to  12  candle-power  lights,  we  multiply  the 
number  of  houses  by  the  quantities  of  gas  used  by  the  lesser 
houses  for  the  smaller  lights  per  annum;  and  for  the  larger  houses, 
multiply  the  number  of  10  to  12  candle-power  lights  by  the  4,000 
cubic  feet  to  each. 

The  result  is  that  we  get  a  total  of  534,687,000cubic  feet  as  having 
been  used  in  this  district  by  the  smaller  consumers,  and  73,848,000 
cubic  feet  as  used  in  the  smaller  lights  by  the  large  consumers. 
These  quantities  together  give  a  total  of  608,534,000  cubic  feet, 
and  of  this  total  the  larger  consumers  are  only  represented  to  have 
misused  by  their  small  lights  about  one-eighth  of  the  whole.  Then 
the  loss  incurred  by  putting  the  26  candle-power  gas  to  use  in  only 
developing  10  to  12  candle-power  at  the  burner,  and  by  defective 
burners  and  excess  of  pressure,  I  estimate  at  not  less  than  30  per 
cent  of  the  Ught-giving  properties  of  the  gas. 

This  percentage  shows  a  loss  per  annum,  on  this  district  house 
supply  alone,  of  a  value  of  £27,384.  But  there  has  bee^i  sold 
three  and  a  half  times  more  gas  than  is  represented  by  these 
figures,  and  we  may  reasonably  assume  that  in  the  suburban 
districts  there  are  fewer  small  houses  in  proportion  to  the  large; 
and  in  place  of  only  one-sixth  of  the  lights  being  properly  developed, 
we  may  say  that  one-third  of  the  whole  of  the  remainder  of  the 
gas  sold,  whether  for  houses  or  places  of  business,  is  fairly  well 
consumed  at  the  burner.  Of  the  remaining  two-thirds  I  am  quite 
sure  it  will  be  found  utterly  unnecessary  to  have,  in  the  position 
where  these  lights  may  be,  any  more  than  10  to  12  candle-power  in 
one  flame.  Two-thirds  of  the  remaining  gas  sold  per  annum  amount 
to  a  volume  of  1,014,222,000  cubic  feet,  and  on  this  quantity  I 
again  allow  a  loss  to  these  consumers  of  30  per  cent.,  which,  at  3s. 
per  1,000  cubic  feet,  is  equivalent  to  an  additional  loss  of  £45,689; 
this  sum,  with  the  £27,384  already  mentioned,  gives  a  total  of 
£ 7  3, 0 7  3  of  an  annual  loss.  By  the  figures  given  by  Mr.  Nicol  there 
were  within  the  city  in  the  year  1881,  114,758  dwellings,  and 
allowing  the  increase  since  to  go  for  those  houses  in  which  no  gas  is 
at  present  used,  I  have  dealt  with  the  former  number  as  if  gas  were 
used  in  each  house.    I  have  estimated  that  of  the  total  309,487  lights 
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only  55,000  exist  where,  from  the  nature  of  the  dwelling  and  size  of 
rooms,  we  may  reasonably  desire  to  see  20  candle-power  developed 
at  the  burner;  that  is  to  say,  5  cubic  feet  would  be  consumed  in  each 
jet  per  hour,  when  we  might  then  say  these  lights  were  developing 
the  full  light-giving  power  of  the  gas,  and  little  waste  could  be 
said  to  be  going  on.  It  is  very  different  with  the  255,000  jets 
using  only,  say,  three  feet  per  hour.  The  loss  of  light  from  the 
gas  actually  used  is  represented  to  be  equal  to  the  consumers 
paying  30  per  cent  more  for  their  gas  than  those  more  fortunately 
placed  55,000  jets  of  the  larger  consumers,  who  obtain  full  value 
in  light  from  the  gas  for  their  money. 

The  waste  and  loss  experienced  rest  almost  entirely  with  the 
mass  of  consumers;  or,  in  other  words,  the  mass  of  consumers,  being 
those  who  are  less  able  to  bear  the  loss,  are  greater  wasters  and 
losers,  by  using  or  misusing  the  rich  gas,  than  those  consumers  who 
are  better  able  to  bum  their  gas  in  a  large  flame  properly.  It  is 
thus  proved  that  the  mass  of  consumers  should  be  supplied  with  a 
very  much  cheaper  gas,  to  enable  them  to  consume  more  of  it  in 
each  Sumer,  and  so  economically  and  properly  develop  the  full  light- 
giving  power  of  the  gas  at  their  burners.  This  would  lead  us  to 
recommend  for  them  18  candle-power  gas,  16-candle  gas  being  the 
average  quality  used  in  England  and  Ireland,  where  there  are 
twenty  times  more  gas  consumers  than  there  are  in  all  Scotland. 
The  working-classes,  from  being  unable  to  use  or  require  a  light  of 
20  candle-power  in  one  burner,  pay  a  price  by  the  use  of  their  small 
jets  that  helps  to  make  them  think  gaslight  dear,  and  were  they 
further  to  reduce  the  amount  used  at  each  burner — with  the  view 
of  saving, — such  a  course  would  only  add  still  further  to  their  loss. 

Again,  26  candle-power  gas  is  quite  unfitted  to  stand  the 
rigorous  test  of  severe  winter  weather,  for  when  coal-gas  is 
manuflEUstured  above  18  or  20  candle-power,  as  the  quality  in- 
creases the  depreciation  caused  by  exposure  to  frost  becomes 
greater ;  so  that  the  sensible  way  to  decide  what  quality  of  gas 
to  manufacture  would  be  to  consider  what  quality  would  be  the 
least  costly  to  maintain  at  that  standard  during  keen  frosty 
weather  in  winter.  The  endeavour  to  maintain  the  quality  of 
Glasgow  gas  at  26  candle-power  in  the  gasholders  in  midwinter 
costs  each  manufacturing  station  a  sum  reaching  from  £50  to  £80 
daily,  for  ext^  quality  of  fli-st-class  coals,  as  compared  with  the 
production  of  gas  of  the  same  quality  from  a  less  costly  coal  on  a 
mild  winter  day  when  there  is  no  frost     This  sum  multiplied  by 
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three  for  each  of  the  manufacturing  stations  per  day  (often  for 
months  together),  and  added  to  the  loss  already  described,  will 
give  an  average  total  loss  of,  say,  £100,000  per  annum. 

Before  closing  my  remarks  on  this  subject,  let  me  say 
that  we  may  safely  assume  that  there  are  throughout  the 
world  100  millions  of  gas  consumers,  who  are  using  at  the 
present  time  an  average  quality  of  gas  of  16  candle-power, 
and  that  they  are  assured  of  a  supply  of  coal  capable  of 
giving  them  this  quality  of  gas  (equal  to  what  they  have  always 
used  in  the  past)  for  thousands  of  years  to  come;  whereas  the 
Scotch  consumers,  representing  only,  say,  two  millions,  are  not 
assured  of  first-class  coal  supplies  and  a  continuance  of  26  candle- 
power  gas  for  ten  years.  I  may  also  safely  say  that  the  entire 
gas  consumers  of  the  world,  with  the  exception  only  of  Scotland, 
at  the  present  time  use  a  quality  of  gas  from  14  to  16  candle- 
power.  Those  persons  who  object  to  Scotland  "doing  likewise" 
must  in  their  reasoning  show  how  the  consumers  of  that  quality  of 
gas,  by  using  more  of  it,  have  a  higher  death-rate  from  vitiation 
of  the  air  of  rooms,  or  are  otherwise  enfeebled,  or  if  their  light 
per  candle-power  is  to  them  more  expensive  than  if  they  used  gas 
of  26  candle-power.  The  gas  manufacturers  of  all  Continental 
Europe,  of  America,  the  British  Colonies,  England,  and  Ireland, 
should  not  only  be  shown  to  what  extent  they  are  wrong  in 
manufacturing  16  candle-power  gas,  but  be  directed  to  where  the 
suppUes  of  material  wherewith  they  might  manufacture  rich  gas 
above  18  or  20  candle-power  are  to  come  from,  and  say  whether 
the  whole  gas  world  could  be  so  supplied  for  an  entire  year. 
If  2G-candle  gas  is  good  for  Scotland  it  must  be  as  imperative 
that  they  also  should  manufacture  gas  of  that  quality.  It  is  useless, 
however,  to  argue  in  this  strain,  for  were  they  to  adopt  26  candle- 
power  the  price  would  be  increased  many-fold,  and  the  supply 
could  not  be  maintained  even  for  a  single  year. 

It  seems  unpatriotic  to  insist  that  only  Scotland  should  be 
debarred  from  sharing  in  the  advantages  of  obtaining  cheap  gas, 
which  would  be  developed  by  using  more  of  it  Four  feet  per 
hour  for  the  generality  of  consumers  would  be  found  sufficient  to 
give  them  the  light  they  required,  and  never  more  than  five  feet 
per  hour  would  be  used  in  any  burner  at  one  time.  It  would  be 
cheaper  to  thus  develop  the  full  light-giving  properties  of  the 
18-candle  cheap  gas  at  the  burner  than  by  only  developing,  as  at 
present,  10  to  12  candle-power  with  26-candle  gas. 
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By  studying  what  quality  is  best  for  the  mags  of  consumers,  so 
as  to  give  them  a  cheap  light,  the  use  of  coal-ga;^-^uld  be  rendered 
more  popular,  and  other  means  of  illumination'/^^:,  by  paraffin 
lamps)  would  be  discarded  as  troublesome  by  requiring  jj6'b^  trimmed, 
fountains  refilled,  and  risks  of  breakages  would  be  avoided,  and  a 
pure  lower-quality  gas  would  be  more  pleasant  and  wliojesome 
than  stinking  oil  lamps  or  candles. 

We  are  thus  placed  face  to  face  with  the  inevitable,  and  must  i^t 
last  recognise  the  fact  that  nature  cannot  alter.     We  will  piti^t'-. 
by  paying  some  heed  to  the  instruction  which  a  study  of  the  subjecti- 
gives  us  while  we  can  do  so  calmly,  so  that  we  may  not  be  caught' 
unawares  and  suddenly  be  forced  to  alter  all  our  calculations  and 
modes  of  manufacture  and  consumption  of  coal-gas. 
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IK.-^I^otes  on  the  Bursting  of  Leaden  Service  Pipes  by  WcUer 
'''ond  Frost.      By  George  C.   Thomson,   F.C.S.,  President, 
Graduates'  Section,  Institution  of  Engineers  and  Shipbuilders 
in  Scotland. 


[Read  before  the  Society,  5th  January,  1887.] 


Some  three  or  four  winters  ago  my  friend  Mr.  J.  L.  Bruce, 
Architect,  drew  my  attention  to  a  burst  water  pipe,  and 
especially  the  manner  of  its  bursting;  later  on  he  mentioned  that 
on  questioning  plumbers  and  others  as  to  the  cause  and  timS  of 
pipes  bursting  during  frost,  he  found  the  general  impression  to  be 
that  the  pipe  only  burst  after  a  thaw  had  set  in,  and  was  caused 
by  the  ice  in  the  pipe  melting,  and  the  pressure  thus  becoming 
too  great  for  the  strength  of  the  metal. 

In  order  to  refute  this  idea  he  collected  a  large  number  of  burst 
pipes,  a  few  samples  of  which  you  see  on  the  table  before  you. 
Owing  to  various  causes  the  subject  remained  in  abeyance  till 
lately,  when  he  suggested  that  I  should  take  up  the  matter,  and 
lay  it  before  you,  as  he  was  unable  to  do  so,  in  consequence  of 
having  to  go  abroad  for  his  health. 

Before  proceeding  to  give  some  of  the  results  of  the  inquiry,  it 
may  be  desirable  to  mention  a  few  preliminary  considerations 
in  reference  both  to  water  itself  and  to  lead.  The  first-named  body 
exists  in  three  forms — as  solid,  fluid,  and  vapour, — but  at 
present  we  will  only  consider  it  in  the  fluid  and  the  solid  forms. 
Pure  water  freezes,  or  changes  into  the  solid  form  known  as  ice, 
at  0°  C,  or  32°  Fahr.,  but  it  possesses  the  property  of  remaining 
liquid  at  a  temperature  as  low  as  -  24^  C,  provided  that  it  be 
kept  still,  and  that  sufficient  pressure  is  maintained  to  prevent  its 
expansion.  Boussingault  (CompL  RendUy  Ixxiii.,  p.  78)  observed 
that  water  enclosed  at  4*"  C.  in  a  cast-steel  tube,  thick  enough  to 
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be  regarded  as  ineztensible,  remained  liquid  for  several  da3rs  at 
—  24^  C,  as  shown  by  the  mobility  of  a  steel  ball  enclosed  in  the 
tube.  Solidification  took  place  on  opening  the  tube  and  allowing 
the  water  to  expand.  Further,  Martins  and  Chancel  {A7in.  Chem. 
Phys,  (4),  zxvi.,  p.  560)  examined  the  phenomena  attending  the 
bursting  of  shells  by  the  freezing  of  water.  They  found  that  no 
matter  how  low  the  temperature  of  the  air,  the  temperature  of 
the  enclosed  water  at  the  moment  of  splitting  the  shell  (there 
was  no  scattering  of  fragments)  never  sank  below  —  4 '2^  C. 
The  proportion  of  water  frozen  varied  from  20  to  30  per  cent., 
and  the  pressure  exerted  thereby  was  sufficient  to  reduce  the 
entire  volume  by  -^  to  |py.  Water  reaches  its  gi*eatest  density 
at  a  temperature  of  4°  C,  or  39 '2'  Fahr.,  and  expands  with  the 
decrease  and  increase  of  the  temperature  from  this  point.  Water 
in  the  act  of  freezing  expands  by  fully  10  per  cent,  as  a  volume 
of  ice  at  0'  0.  gives  0*908  volume  of  water;  or  1  volume  of  water 
at  0**  C.  gives  1*102  volumes  of  ice.  The  density  of  ice  at  0®  C. 
is  0*9175 — water  being  taken  as  unity. 

The  compressibility  of  water  is  very  slight,  one  atmosphere 
(15  lbs.  pressure)  reducing  its  volume  to  the  extent  of  0*000045 
(Oersted),  or  0*000047  (Regnault),  while,  on  the  authority  of 
Perkins,  its  volume  is  said  to  be  reduced  to  the  extent  of  ^^  by  a 
pressure  of  200  atmospheres,  or  3,000  lbs.  per  square  inch.  The 
addition  of  5  per  cent,  common  salt  diminishes  the  compressibility 
0*0000419,  15  per  cent.  0*0000356, and  30  per  cent.  00000306. 

I  shall  now  touch  upon  the  next  substance  under  consideration, 
viz. : — Lead. 

Of  the  lead  used  in  commerce  the  English  is  the  purest,  and  the 
Spanish  the  most  impure.  The  composition  in  100  parts  is 
generally  as  follows : — 

Lead,       .... 

Antimony, 

Copper,    .... 

Iron,        .... 

Even  the  English  sample  is  so  impure  that  it  might  be  called  a 
hard  lead. 

The  pres^ice  of  impurities  affects  the  ductility  and  malleability 
very  much.  Common  impurities  are — oxide  of  lead,  which  is 
dissolved  in  small  quantities  while  in  a  melted  state ;  zinc,  tin, 
antimony,  kc     Lead  has  a  very  low  tenacity.     The  tensile  strength 


English. 

Spakish. 

99*27 

95-81 

0*57 

3-66 

0*12 

0*32 

0*04 

0-21 
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of  lead  is  variouslj  estimated  at  from  1,400  lbs.  per  square  inch 
by  Trautwine,  and  by  other  authorities,  as  below  : — 

Cast  lead,  1,930  lbs.  per  square  inch,  by  D.  E.  Clark. 
Sheet,  „     2,040 

Pipes  „     2,240  ,.  „  „ 

Box. 


}>      )) 


2,745 
„  „  3,300 
»      »     2,159 


„  Hankine. 


Kirkaldy. 

Impurities  or  small  quantities  of  other  metals  reduce  the 
specific  gravity,  and  have  the  tendency  to  make  the  lead  harder, 
while  increasing  the  tensile  strength  generally,  which,  in  pipes,  is 
rather  an  advantage  than  otherwise,  if  not  carried  to  excess. 

The  pipe  in  the  Royalty  Theatre  which  set  this  inquiry  on  foot 
was  led  in  from  the  street,  taking  a  sharp  turn  inside  the  wall, 
and  being  carried  through  a  cellar  which  was  not  heated  in  any 
way.  It  was  led  up  past  an  open  window  fitted  with  louvre 
boards,  and  a  few  feet  through  the  floor  above,  where  it  terminated 
with  an  ordinary  tap.  A  column  of  ice  was  formed  in  the  pipe, 
and  owing  to  the  bend  it  could  not  move ;  it  practically  formed  a 
plug,  so  that  the  water  in  the  pipe  higher  up  was  under  considerable 
pressure,  increasing  as  the  congelation  continued  in  the  pipe,  until 
the  pressure  became  so  great  that  the  strength  of  the  metal  was 
overcome.  At  the  moment  of  release,  by  the  pipe  giving  way,  the 
remaining  quantity  of  water  immediately  froze,  and  until  the 
temperature  rose  above  the  freezing  point  it  gave  no  inconvenience, 
as  regards  flooding  the  premises.  Considering  the  facts  regarding 
water  previously  mentioned,  this  is  just  what  we  should  expect ; 
for  it  is  self-evident  that  if  we  take  a  pipe,  fill  it  with  water  at  its 
greatest  density,  securely  plug  up  the  ends,  and  place  the  two  ends 
of  the  pipe  in  a  freezing  mixture,  so  that  ice  is  formed,  then  as  the 
formation  of  ice  proceeds  from  each  end  the  water  in  the  middle 
increases  in  pressure,  with  the  result  that  the  pipe,  if  of  lead,  is 
bulged  out  in  the  centre,  and  ultimately  bursts. 

The  question  naturally  arises : — At  what  pressure  do  these  pipes 
burst  1  In  trying  to  answer  this  question  I  found  it  was  of  no 
use  to  calculate  from  the  tensile  strength  of  lead,  as  no  two 
authorities  gave  the  same  figures,  varying  as  they  do  from  1,400 
lbs.  to  3,300  lbs.  per  square  inch.  Such  a  variance  is,  no  doubt, 
caused  by  the  presence  of  impurities  in  the  samples  tested.  I 
expected  that  the  Rules  of  the  Glasgow  Corporation  Water-works 
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would  prescribe  that  the  lead  service  pipes  should  have  a  certain 
limit  of  strength  as  a  minimum,  but  on  looking  up  these  Rules,  I 
only  found  that  certain  weights  per  yard  were  mentioned,  and  that 
neither  strength  nor  quality  was  specified.  "  Rule  8. — All  service 
pipes,  unless  otherwise  specially  agreed  upon,  shall  be  of  lead,  and 
of  the  following  weights  per  yard  : — 

^•inch  diameter,  7  lbs.  per  lin.  yard. 

|-inch  diameter,  10  lbs.  per  lin.  yard. 

1-inch  diameter,  14  lbs.  per  lin.  yard. 
IJ-inch  diameter,  18  lbs.  per  lin.  yard. 
1^-inch  diameter,  24  lbs.  per  lin.  yard. 

Overflow  pipes  may  be  of  lighter  weights." 

In  order  to  have  some  idea  of  the  strength  of  these  pipes,  I  had 
a  piece  of  each  size  burst  by  water  pressure,  and  the  particulars 
you  will  find  in  the  first  part  of  the  accompanying  Table : — 

G.  C.  W.  W.— Standard  Lead  Pipes. 


Dia. 

of 
Pipes. 


Thick-  I 

new     Weight       BursUng 
^f     !  in  lbs.  I  pressure  per 
Pipe    P«ryard  I       sq.  in. 


Weight 

per 
cub.  in. 


I  Weightsj 

p„..  -   Tensile  strength  I  Specific       for 
itauos.        p^j.  gq  jjj       I  Gravity,     equal  | 

.strength' 


iin.  !  -20     71bs.  ■  1,820  lbs. 
i  „      -23     10  „   j  1,232  „ 
1  „      -24    14  „      1,091   „ 

f 
I 

U  „      -26    18  „      1,036  „ 


•396 
•398 
•400 
•397 


167  2,275  0  lbs.  I  11  00 

112  2,008  7  „     I  11  08 

100  2,272*9  „ 

95  2,490-4  „ 


11  „      -29  '24  „    1     812  „     :   404    '      74  i  2,100-0  „ 
The  Tensile  Strength  was  2,229*4  lbs.  per  sq.  in. 


11*124 

1103 

11-24 


42 

8  9 

14  0 

18*9 

32-4 
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Brace  &. 
Thomson. 


2  6-9 

2  7*9 

?  n      -22  ;  11*4 

•2  12*3 

IJ  „      -21  I  15*9 

1}  „      -24  I  21*3 

•21  I  27*6 


1 


)f 


it 


1,579  lbs. 

1,349  ,,' 

1,191  „ 

911  „ 

683  „ 

734  „ 

498  „ 


■ft  ,      «              • 

•434  173-3  i  1,973  7  „ 

•418  I  148^    1  2,107*7  „ 

•472  I  130*7    2,030-  „ 

•452  100-      2,277-7  ,, 

•459  74  9    2,032  6  „ 

•461  I    80-5  '  2,2937  „ 

•526  I    54-6  i  2,371  4  „ 


*  Calculated 

from  the  first 

4  columns. 


The  Tensile  Strength  was  2,159  lbs.  per  sq.  in. 


106  Fhiloaophiccd  Society  of  Glasgow. 

We  would  naturally  suppose  that  the  strength  of  these  pipes 

would  be  on  an  equality,  or  nearly  so,  but  you  will  see  from  the 

Table  that  this  is  very  far  from  being  the  case,  the  |-inch  pipe 

bursting  at  more  than  double  the  pressure  that  the  l^inch  pipe 

bursts  at.     On  referring  to  the  column  of  specific  gravity^  you  will 

see  that  the  ^-inch  pipe  is  the  lightest,  and  would  contain  the 

most  impurities,  while  the  1^-inch  pipe  is  the  heaviest  and  purest. 

Of  the  impurities  generally  present  in  lead  pipes — 

Tin  has  a  tensile  strength  =  4,736  lbs. ,  Rennie. 
Zinc,  „  „         =  2,993    „     Stoney. 

Soft  Solder  (2  tm,  1  lead),  =  7,500   „     Rankine. 

If  the  l^inch  pipe  is  impure  lead,  as  its  specific  gravity  would 

seem  to  show,  this  would  account  for  its  greater  strength.     Mr. 

Jardine  found  that  l^inch  pipe  ^inch  thick  stood  1,000  feet  head 

of  water  without  alteration ;  at  1,200  feet  head  it  began  to  swell ; 

enlarged  to  If-inch  diameter  at  1,400  feet  head  it  burst — ^giving  a 

bursting  pressiu*e  of  606  lbs.,  or  2,611  lbs.  tensile  strength;  2-inch 

pipe  |-inch  thick  stood   800  feet   head  without   alteration;    at 

1,000  feet  head  it  burst — giving  433*5  lbs.  bursting  pressure,  or 

2,412  lbs.  tensile  strength.     Thus — 

1^-inch  pipe  remained  unchanged  up  to  0*71  of  bursting  strain. 
2-inch  ,,  „  0*75  „ 

I  have  no  idea  why  the  Glasgow  Corporation  Water-works 
Rules  specify  the  weights  mentioned,  as  you  will  see  from  the  last 
column  that  for  equal  strength  the  small  pipes  should  be  lighter 
and  the  larger  pipes  heavier  than  are  specified.  You  will  see  the 
difference  plainly  from  the  samples  of  ^-inch  pipes  on  the  table, 
which  have  the  weights  per  yard  stamped  on  each  sample.  If  you 
take  a  look  at  the  results  shown  in  Mr.  Kirkaldy's  experiments, 
which  are  given  in  the  second  portion  of  the  Table,  you  will  notice 
that  all  the  pipes  were  practically  of  the  same  thickness;  and  you 
will  also  notice  that  the  tensile  strength  agrees  pretty  closely  with 
that  of  the  Glasgow  pipes,  as  found  by  my  experiments.  Box, 
in  his  "  Strength  of  Materials,"  gives  the  safe  working  pressure, 
without  any  shocks,  at  -^  of  the  working  pressure,  and  with 
shocks,  at  -^  of  the  strain.  Trautwine,  taking  the  ultimate 
strength  of  lead  pipes  at  1,400  lbs.  per  square  inch,  gives  a 
factor  of  safety  of  6  when  the  pressures  are  q\iiet;  but  this 
is  not  enough  when  shocks  take  place,  such  as  are  caused  by  the 
sudden  closing  of  a  tap.  This  produces  the  well  known  knocking 
or  hanmiering  sound  which  is  heard  in  that  case,  and  which  is 
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scarcely  avoidable  in  the  ordinary  water  supply  service  of  towns. 
These  shocks  can  be  avoided  when  a  screw-down  tap  or  a  ball 
cock  is  used,  which  closes  gradually.  It  may  be  the  case  that 
this  is  the  reason  why  the  smaller  pipes  are  made  so  much 
stronger  in  proportion,  but  it  would  not  hold  good  in  the  case  of 
a  number  of  small  pipes  and  short  lengths  taken  from  a  large 
pipe.  In  this  case  the  large  pipe  would  be  too  weak  to  stand  the 
repetition  of  a  sudden  shock  of  two  or  three  taps  being  closed 
suddenly  at  the  same  time.  Another  reason  for  the  smaller  pipes 
being  so  much  heavier  may  be  on  account  of  the  numerous  bends 
to  which  they  are  subjected  when  being  fitted  up  in  houses,  and 
which,  in  the  case  of  the  larger  sizes,  are  not  of  so  frequent  occur- 
rence. I  should  like  to  draw  your  attention  to  the  pieces  of  pipe 
which  are  sawn  through  at  the  burst  part,  and  notice  an  instance 
of  the  flow  of  metals  under  pressure.  The  pipes  burst  by  water 
pressure,  without  the  intervention  of  frost,  have  a  break,  showing 
a  long,  narrow  slit,  just  sufficient  to  ease  off  the  pressure,  while 
those  burst  by  the  action  of  frost  have  the  lips  of  the  pipe  at  the 
burst  part  forced  out  to  varying  widths,  as  seen  in  the  examples 
submitted.  This  is  caused  by  the  solid  ice  being  forced  out  by 
the  expansion  of  the  water  at  the  moment  of  fr-eezing.  The 
character  of  the  break  might  be  used  as  a  test  for  the  quality  of 
the  metal  of  which  the  pipe  is  made. 

The  question  might  be  asked  as  to  what  length  of  pipe  would 
require  to  be  frozen  to  produce  sufficient  pressure  to  burst  the 
pipe.  In  this  sample  [piece  of  f-inch  pipe  shown  by  author],  it 
would  require  a  length  of  about  7  inches  to  produce  the  burst  by 
the  expansion  of  the  water  in  the  act  of  freezing.  This  would 
only  be  sufficient  to  burst  the  pipe,  but  would  not  force  it  open 
to  the  extent  you  see,  which  is  caused  by  a  far  greater  length  of 
pipe.  The  surplus  water  freezing  at  the  instant  of  release,  and 
being  forced  out  in  the  act  of  expansion,  would  form  a  solid  lump 
of  ice  on  the  outside  of  the  pipe,  not  a  drop  of  water  being  lost  in 
the  process  of  changing  form. 

I  daresay  you  have  all  seen  this  for  yourselves  when  a  pipe, 
cylinder,  or  other  vessel  has  been  burst  by  the  frost,  and  the  ice 
projecting  out  several  inches  from  the  surface.  This  is  another 
instance  of  the  flow  of  solid  bodies,  and  is  to  be  seen  in  perfection 
among  the  Alpine  glaciers,  where  the  molecules  give  way  and 
aooommodate  themselves  to  the  ground  which  they  pass  over. 


108  Philosophical  Society  of  Glasgow. 


X. — Geographical  AUo-Relievo  Models^  and  their  place  in 
EdiLcation,     By  William  Martin. 


[Read  before  the  Society,  2nd  February,  1887.] 


Having  been  invited  by  your  committee  to  bring  before  you 
to-nigbt  the  subject  of  Geographical  Alto-Relievo  Models  and  their 
place  in  Education,  I  shall  first  ask  your  attention  to  the  measure 
of  acquirement  in  Geography  at  present  fixed  in  scholastic  circles 
by  the  term  Education,  and  to  the  aids  hitherto  available  to 
teacher  and  scholar ;  and  shall  then  show  how  the  Alto-Eelievo 
Geographical  Model,  as  one  of  the  latest  educational  appliances,  is 
calculated  to  aid  both  teacher  and  scholar  in  more  surely  attaining 
that  standard,  and  in  preparing  for  further  advances  in  the  study. 

First,  then,  the  measure  of  geographical  acquirement  included  in 
the  term  Education  must  be  sought  for  in  the  schools  of  our 
country.  These  are  of  two  great  orders — the  Private  Academies, 
and  the  Public  Board  Schools.  From  the  Private  Academies  we 
obtain  no  fixed  criterion  to  guide  us  in  our  present  estimate.  In 
them  each  teacher  fixes  the  standard  of  attainment  himself,  and 
we  may  say,  all  depends  upon  him.  If  he  be  a  thorough 
educationist,  the  very  absence  of  those  periodic  inspections  upon 
which  financial  grants  depend  leaves  him  large  oppoi*tunities, 
uncurtailed  by  the  necessity  of  grinding  and  cramming;  permitting 
on  the  one  hand  possibilities  of  special  methods  for  bringing  up 
the  inevitable  rear  ranks,  and,  on  the  other,  of  pushing  on  attentive 
scholars  far  beyond  the  narrow  limits  of  mere  mediocrity.  Yet 
with  all  their  advantages,  and,  it  must  be  admitted,  with  their 
disadvantages,  the  Private  Academies  do  not  furnish  us  with  the 
measuring  rod  which  we  desiderate. 

In  the  curriculum  of  the  Public  Board  Schools,  however,  we 
find  that  criterion,  and  we  find  it  fixed  by  the  unchallenged 
authority  of  the  Government  Committee  of  Council  on  Education. 
It  is  reasonable  that  we  should  here  accept  that  standard,  because  in 
these  Public  Board  Schools  85  per  cent,  of  the  youth  of  our  country 
are  educated.    The  Government  grant  for  education  is  so  important 
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a  factor  in  public  school  enterprise,  that  the  official  circular  which 
the  Committee  of  Council  on  Education  annually  issues  to  the 
School  Inspectors,  for  their  guidance  in  school  examinations,  is  at 
once  accepted  by  School  Boards  and  by  Teachers  as  the  measure 
of  the  amount  of  information  which  scholars  are  required  to  possess 
in  order  to  earn  the  grant. 

The  Government  circular  to  School  Inspectors  states,  inter  alia: — 
"  Instruction  in  geography,  history,  and  elementary  science  will 
be  given  by  means  of  books,  oral  lessons,  and  visible  illustrations. 
.  .  .  Geographical  instruction  is  sometimes  too  much  restricted 
to  the  pointing  out  of  places  on  the  map,  and  to  the  enumeration 
of  such  details  as  the  names  of  rivers,  towns,  capes,  and  political 
divisions.  Geography,  if  well  taught,  will  include  some  description 
of  the  physical  aspects  of  the  countries."  (Blue  Book,  1885-6, 
pp.  100,  101.) 

The  schedules  issued  with  that  circular  give  tables  of  class 
subjects  to  be  taken  by  the  scholars  of  different  years,  or,  as  they 
are  termed  in  school  phrase,  Standards.  In  regard  to  geography, 
the  following  is  the  curriculum  : — 

Standard  III.  (Age,  9-10). — Knowledge  of  Geographical  Terms, 
and  the  outline  of  the  Geography  of  Scotland, 

Standard  IV.  (Age,  10-11). — The  Geography  of  the  British  Isles. 

Standard  V.  (Age,  11-12). — The  Geography  of  Europe,  with 
North  America,  and  Australasia. 

Standard  VI.  (Age,  12-13).— The  Geography  of  the  World 
generally,  and  specially  of  the  British  Colonies  and 
Dependencies.  Interchange  of  Products.  Circumstances 
which  determine  Climate. 

And  in  addition  to  these  Clasa  Svhjects^  there  are  certain  Specific 
Subjects  indicated  for  Standards  IV.,  V.,  VI.,  such  as  Mathe- 
matics, Classics,  Botany,  Physical  Geography.  In  the  last-named 
the  curriculum  is  as  follows  : — 

1st  Stage. — The  nature  of  a  river  or  stream,  whence  it  is 
supplied,  and  what  becomes  of  it.  An  explanation  of  the 
terms  "river-basin"  and  "water-shed."  The  river-basins 
of  Scotland. 

2nd  Stage. — The  ocean,  its  extent  and  divisions,  depth,  saltness, 
currents. 
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Such  is  the  Geographical  Canioulum.  It  begins  with  the 
Geographical  Terms  at  Standard  III.  The  Government  decide 
that  Standard  III.  should  be  passed  by  scholars  of  10  years ;  the 
Scotch  Education  Department  have,  however,  fixed  it  for  9  years ; 
we  may  therefore  accept  it  that  geography  begins  at  9  years  of  age, 
with  the  Geographical  Terms,  and  an  outline  of  Scotland. 

To  aid  teachers  and  scholars  in  preparing  to  face  the  inspector 
in  this  subject,  there  have  hitherto  been  in  use  the  Geographical 
Primer  or  Text-Book  and  the  Map.  We  need  not  describe  these. 
The  enterprise  of  scores  of  competing  publishers  and  editors  has 
multiplied  books  and  maps  to  a  bewildering  extent,  each  with  its 
own  specialty — many  of  them  of  remarkable  excellence. 

Now,  it  will  enable  us  more  accurately  to  ascertain  whether 
there  be  a  place  for  a  new  educational  appliance,  such  as  the 
Alto-Kelievo  Model,  and  if  so,  what  that  place  is,  if  we  examine 
briefly  the  fitness  of  the  present  text-books  and  maps  to  meet 
unaided  the  requirements  of  school  work.  Naturally,  therefore, 
we  turn  to  the  official  reports  of  the  Government  Inspectors. 
There  we  find  it  the  subject  of  repeated  remark,  that  masters  are 
too  apt  to  rely  upon  mere  text-book  learning,  so  that  school 
teaching  partakes  more  of  what  is  called  *' crammin^f"  than  of 
what  is  meant  by  education.  What  Butler  preached  150  years 
ago  is  too  much  forgotten — "  Of  education,  information  iUelf  is 
really  the  least  part.''  Thus  Dr.  Wilson,  one  of  her  Majesty's 
three  Chief  Inspectors  for  Scotland,  says  in  his  last  report : — "  It 
9till  appears  that  these  subjects  receive  a  decided  preference  which 
can  be  got  up  with  the  least  expenditure  of  time  and  trouble,  and 
by  the  aid  of  a  mantud^  with  but  little  independent  illustration  on 
the  part  of  the  teacher."  Mr.  Harvie,  another  Inspector,  writes  in 
his  last  report: — "The  contents  of  little  text-books,  which  are 
crammed  into  the  heads  of  the  pupils,  vanish  from  their  memories 
like  snow  before  a  thaw,  whenever  they  leave  schooL"  Mr. 
Marshall,  another  Inspector,  in  a  previous  report  remarked: — 
"Experience  generally  proves  that  geography  is  weaker  than 
history,  and  it  is  not  difficult  to  find  the  reason.  Geography  is  a 
wider  subject,  and  cannot,  like  history,  be  limited  to  any  text- 
book. Broadly,  the  map  of  the  prescribed  field  is  the  limit,  but 
within  its  compass  there  is  great  variety." 

A  corrective  of  this  text-book  grind  would  be  a  more  frequent 
use  of  the  map — the  other  aid  availabla  But  here  Mr.  Boyd, 
another  Inspector,  complains  "  that  the  map  is  too  little  used  in 
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schools."  Thus,  again,  Mr.  Marshall  says: — *' History  and 
geography  make  severe  demands  on  the  method  and  intelligence 
of  the  teacher.  The  chronological  method  alone  seems  to  obtain 
in  history,  and  the  topographical  alone  in  geography.  The  map 
has  to  give  way  to  the  text-book,  which  is  frequently  a  mere 
skeleton,  without  flesh  and  blood." 

The  necessity  of  such  strictures  may  be  exemplified  by  a  ques- 
tion we  heard  lately  put  by  a  teacher  to  a  class — *'  Mention  the 
stations  between  Leuchars  Junction  and  Dundee."  Such  work,  as 
far  as  geography  is  concerned,  is  mere  topographical  cram,  and,  as 
far  as  education  is  concerned,  it  is  sheer  scholastic  sham.  Now, 
why  should  true  geography  be  thus  allowed  to  fall  into  the  back- 
ground f  Here  we  have  a  subject  of  study  most  interesting,  indeed 
truly  captivating.  In  our  schools  we  have  teachers  able  and 
earnest,  and  with  no  predilection  to  mere  memory  exercises ;  and 
in  these  public  schools  we  have  600,000  scholars,  from  among 
whom  will  emerge  our  future  merchants  and  shippers.  That  being 
so,  why  should  this  inadequate  state  of  geographical  tidtion  con- 
tinue to  exist  in  a  country  whose  relationships,  through  commerce, 
emigration,  and  missionary  enterprise,  touch  every  comer  of  the 
wide  world) 

It  is  satisfactory,  however,  to  know  that  progress  is  being  mada 
The  new  Code  of  geographical  tuition  is  in  advance  of  the  old,  and 
under  that  new  Code  all  schools  are  this  year  being  examined. 
Perhaps  the  most  important  feature  in  it  is  the  place  given  to 
Physical  Geography.  Formerly  geography,  as  laid  down  in  the 
requirements  of  the  old  Code,  was  completely  divorced  from 
physical  geography.  The  new  Code  requirements  in  geography 
wQl  certainly  call  more  upon  the  thinking  faculty  by  enforcing 
the  forming  of  true  notions  of  the  typical  shapes  of  land  and  water, 
and  clear  ideas  of  the  build  of  the  continents,  and  the  features  of 
a  country.  And  it  is  precisely  here  that  the  Geographical  Alto- 
Relievo  Model  of  continent  or  of  country,  or  of  the  typical 
geographical  forms,  has  its  place  in  education  in  the  school  It  is 
the  complement  of  the  text-book  and  of  the  map.  It  gives  life 
and  spirit  to  what  hitherto  has  been  '*  flat,  stale,  and  unprofitable." 

The  educational  eflectiveness  of  Alto-Believo  Models  has  long 
been  recognised  and  admitted.  There  is  probably  not  a  museum, 
however  obscure,  which  has  not  some  model — ^it  may  be  of 
Jerusalem  or  Palestine,  or  of  its  own  neighbourhood.  But  such 
models  have  hitherto  been  either  too  unwieldy  and  heavy  for 
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school  work,  or  too  fragile,  and  always  too  expensive.  Never- 
theless, with  what  sudden  ecstasy  does  the  eye  of  any  youthful 
visitor  to  a  museum  wander  over  the  mountains  and  valleys  of 
such  a  model,  say,  of  Jerusalem,  or  Mont  Blanc — yes,  even  the 
old  and  experienced  eye  of  some  savant y  it  may  be  a  F.R.G.S. ! 
That  one  survey  through  the  dim,  perhaps  dusty,  glass  case  in  the 
museum  has  translated  the  spectator  at  once  to  the  sunny  slopes 
of  Mount  Olivet,  or  to  the  weird  desolations  of  the  Mer  de  Glace, 
and  he  knows  the  place  ever  afterwards  with  almost  the  familiarity 
of  a  native; — he  can  say,  "  I  have  seen  it.*'  How  forcibly  all  this 
applies  to  children  we  may  readily  estimate  by  thinking  of  the 
intense  passion  of  a  child  for  a  toy  in  preference  to  a  picture. 
What  to  him  is  a  Landseer's  dog  or  a  Eosa  Bonheur's  bull,  in 
comparison  to  some  rude  four-footed  bit  of  wood  ?  Thus,  the  girl 
with  her  doll,  and  the  boy  with  his  box  of  bricks  or  his  hurley-cart, 
seem  to  appeal  to  their  teachers  to  see  that  when  school-life 
banishes  the  familiar  and  cherished  playthings  of  infancy,  the 
school  should  march  in  the  line  of  such  natural  appetites  (which 
always  indicate  psychological  laws),  and  provide  something  of  the 
concrete  to  interpret  or  illustrate  the  abstract.  This  desire  to 
see  and  handle  a  thing,  instead  of  being  satisfied  with  the  mere 
description  or  picture  of  it,  is  not  confined  to  children,  but 
characterizes  us  through  life.  Who  is  there  who  has  not  profited 
by  a  visit  to  the  Tower  of  London  ? — for  though  he  may  frequently 
have  read  of  the  knights  encased  in  chain  and  plate  armour,  and 
though  he  may  often  have  studied  the  pictures  in  our  history 
books,  yet  the  sight  of  these  horsemen,  even  in  motionless  model, 
was  a  new  revelation. 

In  the  absence  formerly  of  geographical  models  suitable  for 
schools,  teachers  who  recognized  this  power  had  to  resort  to 
expedients  of  one  kind  and  another.  One  enthusiast,  for  instance, 
set  his  boys  to  dig  up  the  earthy  playground  of  his  country  school 
into  the  model  of  the  valley  of  the  river  which  ran  through  the 
village.     But  this  method  of  demonstration  is  not  always  available. 

Another  teacher,  in  the  classic  region  of  Edinburgh,  says, 
"  take  the  scholar  out  and  show  him  the  Pentlands ! "  We  hope 
we  offend  neither  the  amour  propre  nor  the  amor  patrice  of  this 
enthusiast  for  the  Pentlands  when  we  say  that  much  will  remain 
to  be  done  even  after  that.  Are  all  mountains  like  the  Pentlandsf 
What  is  the  other  side  likel  What  is  further  on?  Is  all 
geography  comprehended  in  showing  the  Pentlands  ? 
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Thus,  we  can  now  estimate  the  place  of  alto-relievo  in  geographical 
instmction.  The  Alto-Relievo  Model  presents  to  our  eye,  and  to 
our  very  touch,  the  mountain  ranges  in  their  graded  elevations, 
the  water-^heds,  the  corresponding  slopes,  the  general  trend  of 
the  land,  the  course  of  the  great  continental  rivers,  and  the 
causes  which  determine  the  direction  of  their  flow;  the  oceans, 
seas,  channels,  gulfs,  and  bays  lying  in  miiTored  smoothness  around 
the  land;  and  it  presents  all  in  such  vivid  naturalness  that  the 
first  view  may  be  compared  to  the  seeing  of  the  continent  at  a 
glance,  if  that  were  possible. 

I  now  pass  round  for  your  inspection  models  of  the  Continents, 
and  of  the  Countries  of  Europe.  Here  is  aU  the  World  in  Alto- 
Relievo, 

The  Continents  in  Alto-Relievo  are  for  the  V.  and  VI. 
Standards. 

The  ly.  Standard  studies  the  British  Isles,  and  the  III.  Standard 
is  introduced  to  Scotland. 

I  have  pleasure  in  now  exhibiting  for  the  first  time,  the  newest 
work  of  my  firm— Scotland  in  Alto-Relievo.  The  model  is 
executed  to  the  order  of  the  School  Boards  of  Edinburgh,  Glasgow, 
<bc.  Such  a  model  has  long  been  a  desideratum  in  schools. 
Mr.  Dunn,  one  of  the  Inspectors,  remarks  in  his  last  report: — 
"  It  is  to  be  regretted  that  embossed  maps  of  Scotland  are  not 
in  use.  Such  maps,  constantly  used,  I  believe,  in  Germany,  give 
a  bird's-eye  view  of  a  country,  render  the  courses  of  rivers  easily 
explicable,  explain  the  direction  of  canals,  and  to  an  appreciable 
extent  of  railways,  form  an  introduction  to  the  study  of  physical 
geography,  and  give  a  vividness  and  sense  of  reality  to  the 
geographical  features  of  a  country,  which  fix  the  facts  upon  the 
mind  with  impressive  force." 

Allusion  has  already  been  made  to  the  stimulus  which 
geographical  study  may  be  expected  to  derive  from  the  introduc- 
tion of  an  appreciable  amount  of  physical  geography  in  the 
requirements  of  the  new  Code.  And  it  is  pleasing  to  find  this 
introduced  at  so  early  a  stage  as  the  Third  Standard,  in  which 
part  of  the  geographical  course  is  a  "  Knowledge  of  the  Geo- 
graphical Terms."  This  study  is  begun  about  nine  years  of 
age — a  time  of  life  when  the  abstract  is  not  so  readily  appreciated 
as  the  concrete.  When  we  consider,  therefore,  the  abstract 
nature  of  geographical  terms,  we  can  at  once  perceive  the  utility, 
nay  the  necessity,  of  embodying  these  geographical  terms  in  solid 
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alto-relievo  forms.  The  picture  of  an  island  is  better  than  a  mere 
verbal  description,  but  the  model  of  an  island — what  a  child 
would  accept  as  a  real  island — is  assuredly  best.  So  with  the 
other  geographical  terms — peninsula,  gulf,  bay,  mountain  range, 
river,  valley,  tkc. 

The  solid  Alto-Relievo  Model  of  the  Geographical  Forms  and 
Physical  Features,  which  I  now  exhibit,  has  been  produced 
within  the  past  few  months,  by  my  firm,  to  meet  this  want,  and 
to  simplify  the  attainment  of  the  requirements  of  the  new 
Code  by  the  Third  and  Upper  Standards  in  school ;  and  it  has 
received  the  hearty  approval  of  the  leading  teachers  in  the  city 
and  elsewhere. 

For  the  Third  Standard,  which  is  taught  in  large  classes,  any 
model  must  be  large,  strong,  and  portable.  But  these  are  three 
characteristics  which  it  is  exceedingly  difficult  to  combine  in  one 
model,  when  at  the  same  time  the  ratepayers'  candidate  insists 
upon  yet  a  fourth  and  formidable  characteristic — his  sine  qud  non 
— cheapness.  This  model  of  the  Geographical  Forms  is  the  largest 
yet  produced  for  school  purposes,  and  it  combines  in  a  remarkable 
degree  all  the  characteristics  required. 

I.  It  is  large — 3|  ft.   x  3  ft.  =  llj  sq.  ft.  superficies. 

II.  It  is  strong  in  material,  and  in  frame- work. 

III.  It  is  portable,  being  of  convenient  size  and  weight  for  a 
teacher  carrying  from  one  class-room  to  another. 

IV.  It  has  other  merits.  It  is  artistic  in  general  appearance. 
It  is  full  and  exhaustive  of  school  geographical  nomenclature. 
It  is  true  to  nature,  being  not  a  mere  mechanical  assemblage  of 
examples  of  geographical  terms,  but  an  ideal  developed  upon 
physiographic  principles.  To  have  given  representations  of  actual 
portions  of  the  world  as  illustrations  of  the  terms  (as,  for  example, 
Denmark  or  Italy  for  peninsula,  Borneo  or  New  Zealand  for 
island),  would  have  been  to  confuse  geography  in  the  scholar's 
mind  by  the  juxtaposition  in  the  one  model  of  localities  widely 
separated  in  nature.  To  have  done  so  would  have  been  to  produce 
an  unconnected  and  incoherent  mass  of  examples,  instead  of  a 
model  containing  in  natural  order  and  place  instructive  examples 
of  all  the  terms  of  school  geographical  nomenclature. 

Nor  does  the  usefulness  of  this  model  cease  with  the  Third 
Standard.  There  is  much  in  it  fitted  for  the  higher  stages  of 
geograpliical  instruction — such  as  illustrations  of  the  table-land 
and    plateau,    river-basin,    water-shed,   slope  and    counter-slope, 
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fjeld  and  fjord,  te.  Take,  for  example,  one  of  the  specific  subjects 
for  the  higher  standards.  In  physical  geography  the  following  is 
one  of  the  items: — **The  nature  of  a  river  or  stream,  whence  ii  is 
supplied,  and  what  becomes  of  it." 

In  this  model  we  have  each  of  these  topics  variously  illus- 
trated:  — 

I. — The  nature  of  a  river.  It  is  seen  to  be  water  draining  ofi* 
the  land,  flowing  through  valleys,  finding  its  way  to  lower  levels, 
till  it  reaches  the  ocean. 

II. — Whence  it  is  supplied.  In  the  model  we  see  the  source  far 
up  among  the  mountains;  there  are  the  snowy  peaks  which  feed 
the  glacier  stream,  there  are  the  hill  lochs  and  the  chains  of  lakes, 
there  are  the  river  basins  with  the  tiny  rivulets  trickling  down 
the  hill  sides  till  they  form  tributaries  joining  the  river  at  the 
confluence. 

III.  Whai  becomes  of  it.  In  the  model  we  give  several 
examples  of  this :  in  one  case  the  river  terminates  its  course  in  the 
low-lying  swampy  country,  and  flows  into  the  ocean  through  the 
numerous  channels  of  a  delta ;  in  another  the  river  flows  unencum- 
bered by  bar  or  other  obstruction  with  a  straight  course  into 
the  sea,  presenting  facilities  for  safe  navigation;  while  in  another 
example  the  river  has  cast  up  a  sand  bank  in  the  middle  of  its 
estuary. 

There  is  another  light  in  which  we  may  regard  the  usefulness 
of  Alto-Relievo  in  Geographical  Education — that  is  to  say,  as  a 
true  interpreter  of  the  map.  In  maps  it  is  possible  to  represent 
mountain  heights  by  graded  lines  and  shaded  colours  only,  and  at 
the  best  much  depends  upon  the  eye  of  the  spectator  bringing  with 
it  the  power  of  seeing  what  the  map-draughtsman  desires  to 
represent  For  instance,  in  a  truly  fine  map  of  the  British  Isles, 
which  I  now  show,  mountains  are  coloured  brown,  and  the  increase 
of  height  is  indicated  by  a  deeper  shade,  while  the  sea  is  coloured 
blue,  and  increase  of  depth  is  indicated  also  by  a  deeper  shade. 
Depth  of  colour  is  thus  employed  in  the  map  to  indicate  increased 
height,  and  also  increased  depth.  It  is  thus  evident  that  the 
spectator  has  to  do  a  good  deal  for  the  map  in  the  way  of  under- 
standing it.  This  is  just  what  the  scholars  cannot  at  first  give. 
But  the  Alto-Believo  Model,  by  its  raised  surface  and  its  various 
levels,  enables  the  merest  tyro  to  comprehend  the  meaning  of  the 
map  signs  by  comparing  them  with  the  real  country  as  displayed 
according  to  nature  in  the  model 
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Apropos  of  the  subject — the  place  of  geographical  relief  in  edu- 
cation,— it  may  be  stated  that  the  model  finds  a  very  fit  place  at 
home,  suspended  to  the  constant  view  of  the  pupil  in  the  lesson- 
learning  room.  In  short,  it  is  a  most  interesting  aid  in  home- 
study  and  in  the  preparation  of  lessons  at  home — not  the  least 
important  school  being  the  home  school. 

Hitherto  I  have  spoken  of  the  place  of  Alto-Relievo  in 
Geographical  Education.  But  there  is  another  very  important 
department  of  education — History.  Here  also  the  Alto-Relievo 
Model  assists  most  powerfully.  It  is  certainly  a  pity  that  history 
consists  so  greatly  of  the  marchings  and  counter-marchings  of 
armies,  and  of  battles  fought  and  won;  yet  such  as  it  is  teachers 
and  scholars  must  study  it.  Now,  if,  for  instance,  the  historical 
study  in  a  school  be  the  Peninsular  War,  the  scholar  does  not  find 
in  the  political  wall- map  any  sufficient  indication  of  the  physical 
conditions  which  so  largely  influenced  the  direction  of  the  campaign. 
But  one  glance  at  the  model  of  Spain  enables  the  veriest  dunce  to 
understand  why  the  armies  marched  from  S.-W.  to  N.-E.  along  the 
great  valleys,  instead  of  steeple- chasing  over  the  sierras  from  N. 
to  S.,  or  from  S.-E.  to  N.-W.  He  sees  that  the  surface  of  the 
country  determined  the  drift  of  battle  quite  as  surely  as  it  still 
determines  the  flow  of  the  Tagus  and  the  Douro. 

Similarly,  if  the  school,  in  its  classical  side,  is  studying  the 
invasion  of  Italy  by  Hannibal,  or  in  its  modem  side,  that  other 
incursion  by  Napoleon,  the  model  of  Italy  lays  before  the  pupil  in 
enchanting  verisimilitude  those  celebrated  mountain  passes  through 
which  the  armies  poured  down  upon  the  great  fighting  ground  of 
Italy — the  level  plains  of  Lombardy. 

In  closing  these  remarks  upon  the  place  of  Alto-Relievo  in 
Education,  it  may  be  interesting  to  some  if  I  refer  briefly  to  the 
special  adaptations  introduced  by  my  firm  to  meet  the  case  of  the 
Blind.  For  them  the  map  has  no  lesson,  but  we  can  at  once  ap- 
preciate the  suitability  of  the  Alto-Relievo  Model.  Yet  there  are 
certain  details  in  which  the  model  requires  some  addition  to  adapt 
it  to  the  blind.  They  can  readily  feel  the  rising  slopes  and  the 
bold  mountain  chains,  but  they  cannot  feel  the  towns,  nor  the 
lakes  and  lochs  and  low-lying  coasts.  For  them  the  model  needs 
some  addition.  The  models  which  I  now  show  contain  these 
additions,  viz.: — 

I.  The  land  surface  is  roughened,  so  that  the  smoothness  of  the 
inland  seas  and  broad  lochs  is  at  once  felt. 
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II.  The  rivers  are  marked  in  wire,  and  the  wire  is  somewhat 
raised  above  the  roughened  surface,  so  that  the  sensitive  fingers 
may  trace  the  river  from  source  to  sea,  without  coming  too  much 
in  contact  with  the  rough  land. 

III.  The  cities  are  marked  by  round-headed  tacks,  the  capitals 
being  a  little  larger. 

IV.  Low-lying  islands  are  marked  by  flat-headed  tacks. 
Models  adapted  in  this  manner  to  the  wants  of  the  blind  have 

been  supplied  to  the  Institutions  in  Edinburgh,  Glasgow,  Dundee, 
&Cy  and  as  far  afield  as  San  Francisco ;  and  in  this  department  also 
highly  appreciative  testimonials  have  been  received  from  the 
teachers. 

In  conclusion,  permit  me  to  thank  you  for  the  invitation  to 
bring  these  matters  before  you  this  evening,  and  for  the  con- 
siderate attention  you  have  given  to  the  subject — a  consideration 
which  you  must  allow  me  to  attribute  more  to  your  well-known 
enthusiasm  in  the  subject  than  to  anything  in  the  manner  in 
which  I  have  presented  it. 


During   the  reading   of    the    paper  the    following  models  of 
continents,  countries,  &c.,  were  submitted  for  inspection : — 

Europe,  Asia,  Africa,  North  America,  South  America,  and 
Oceania — 22 J  inches  by  18|  inches  each. 

The  European  countries  (seven  models  in  the  set) — average  size, 
10  inches  by  10  inches  each. 

Europe — 36  inches  by  30  inches. 

Italy,  with  the  Alps — 36  inches  by  30  inches. 

Scotland — 33  inches  by  26  inches. 

The  (geographical  Forms  and  Physical  Features,  with  Nomen- 
clature— 45  inches  by  37  inches. 


Specially  adapted  for  the  Blind,  the  following : — 

Europe,   Asia,   Africa,  North   America,  South  America,  and 
Oceania — 22|  inches  by  18^  inches  each. 
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GRAHAM    LECTURE. 


XI. — On  certain  Modern  Developments  of  Graham^s  Ideas  con- 
cerning the  Constitution  of  Matter.  By  T.  E.  Thorpe,  PLD., 
B.Sc.  (Vict),  V.P.C.S.,  F.R.S.,  Professor  of  Chemistry,  Royal 
School  of  Mines  and  Normal  School  of  Science,  London. 
Third  Triennial  *^ Graham"  Lecture  delivered  before  the 
Society  in  Anderson* s  College,  16th  March,  1887. 

There  is  a  certain  fitness  in  our  selecting  this  place  to  do  honour 
to-night  to  the  memory  of  Thomas  Graham.  For  it  was  in  the 
chemical  laboratory  of  this  Institution  that  Graham  carried  out^ 
upwards  of  half-a-century  ago,  the  experimental  investigations 
which  culminated  in  his  memorable  discovery  of  the  law  con- 
necting the  rate  of  movement  of  a  gas  with  its  density.  This 
law  combined  with  that  of  Boyle,  which,  connects  the  volume  of  a 
gas  with  the  pressure  to  which  it  is  subjected,  and  with  the  law  of 
Charles,  which  expresses  the  relations  of  the  volumes  of  gases  to 
heat,  has  done  more  to  give  j^ecision  to  our  knowledge  of  the 
constitution  of  matter  than  all  the  speculations  of  twenty 
centuries  of  schoolmen. 

Graham  was  made  Professor  of  Chemistry  in  the  Andersonian 
Institution  in  1830,  and  it  was  from  here  that  he  gave  to  the 
world  his  classical  paper  "  On  the  Law  of  the  Diffusion  of  Gases," 
read  before  the  Royal  Society  of  Edinburgh,  December  19th,  1831. 
I  am  fully  conscious  that  my  only  claim  to  be  regarded  as  worthy 
to  pronounce  this  eulogium  of  Graham  arises  from  the  circum- 
stance that  I  also  have  had  the  good  fortune  to  hold  the  lectureship 
of  Chemistry  in  this  place;  and  with  forerunners  like  Birkbeck, 
Gregory,  and  Graham,  I  may  well  be  proud  of  an  honourable  and 
distinguished  ancestry.  This  association  with  the  Andersonian 
Institution  naturally  quickened  my  interest  in  Graham  and  his 
works,  and  my  frequent  opportunities  of  conversation  with  the 
late  Dr.  James  Young,  of  Kelly,  who  for  so  many  years  was  its 
President,  and  who  was,  as  we  all  know,  also  one  of  Graham's 
"  discoveries,"  and  for  a  lung  time,  both  here  and  in  London,  one  of 
his  most  trusted  assistants,  enabled  me  to  learn  much  of  Graham's 
personal  character  and  mode  of  work.  On  the  occasion  of  the  gift 
of  Brodie's  fine  statue  of  Graham  to  the  city  by  Dr.  Young,  it 
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fell  to  my  lot  to  prepare  the  short  biographical  notice  of  my 
distinguished  predecessor,  which,  with  other  papers  relating  to 
the  matter,  is,  I  understand,  deposited  in  the  archives  of  your 
Corporation.  And  I  may  be  pardoned,  perhaps,  for  recalling  with 
what  mingled  feelings  of  pride  and  trepidation  I  set  myself  to  the 
execution  of  that  teusk. 

In  the  preface  to  the  admirable  reprint  of  Graham's  papers, 
which  we  also  owe  to  the  filial  piety  of  Dr.  James  Young,  the 
late  Dr.  Angus  Smith  has  indicated  in  precise  and  even  luminous 
language  Graham's  position  in  that  chain  of  thinkers  which 
includes  Leucippus,  Lucretius,  Newton,  and  Dalton.  Indeed,  of 
all  Angus  Smith's  papers  with  which  I  am  acquainted,  there  is 
none,  to  my  thinking,  more  charming  than  this  little  introductory 
essay  of  a  dozen  octavo  pages,  in  which,  with  unwonted  perspi- 
cacity, he  has  defined  Graham's  place  in  the  history  of  speculative 
philosophy.  In  this  paper  Angus  Smith  has  crystallised  out,  as 
it  were,  the  thoughts  of  a  lifetime  of  literary  research  and 
meditation.  Probably  no  man — certainly  no  contemporary  of 
Graham's — was  better  fitted  by  knowledge  and  by  sympathy 
to  form  a  sound  critical  estimate  of  such  a  position  than  the 
biographer  of  John  Dalton.  Angus  Smith's  mind  was  simply 
steeped  in  the  old  Hellenic  philosophy.  To  him  even  Kapila  was 
more  than  a  name,  and  the  atomic  systems  of  India  were  matters 
of  more  than  conjecture  or  of  passing  interest.  There  was  much 
in  Smith's  intellectual  nature  to  make  such  inquiries  congenial  to 
him.  With  all  his  leaning  towards  objective  science,  he  had  a 
Highlander's  love  of  the  mystical,  and  a  Lowlander's  passion  for 
metaphysics.  And  yet  nothing  is  more  admirable  than  the  manner 
in  which  in  this  essay  these  qualities  and  this  wealth  of  learning 
are  subordinated  and  held  in  check ;  and  nothing  is  more  striking 
than  the  way  in  which  in  a  few  graphic  strokes,  done  with  a 
master  hand,  lightly  yet  firmly,  with  a  consciousness  of  power 
and  a  sense  of  restraint,  Graham's  place  in  the  evolution  of  the 
atomic  philosophy  is  set  forth. 

It  is  here  claimed  for  Graham  that  he  was  a  true  descendant 
of  the  early  Greeks,  and  that  to  him  belonged  as  of  right  the 
mantle  of  Leucippus.  Atoms  and  Eternal  Motion  were  as  milch 
fixed  articles  of  his  creed  as  they  were  of  that  of  Heraclitus.  But 
with  no  one  of  the  older  Greeks  was  Graham's  thought  more  in 
harmony  than  with  that  of  Leucippus.  He  with  his  wider  know- 
ledge of  the  so-called  "  elemental "  forms  of  matter,  and  of  the 
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persistency  with  which  the  specific  properties  which  we  associate 
with  our  "  Elements  "  are  retained,  could  yet  share  with  the  old 
Greek  his  conceptions  of  the  essential  oneness  of  matter.  It  was 
with  Graham,  as  Smith  says  of  Leucippus,  that  '^  the  action  of  the 
atom  as  one  substance,  taking  various  forms  by  combinations 
unlimited,  was  enough  to  account  for  all  the  phenomena  of  the 
world.  By  separation  and  union,  with  constant  motion,  all 
things  could  be  done." 

In  one  respect  Graham's  position  as  an  atomist  is  unique.  No 
man  before  him  had  dedicated  his  life  to  the  study  of  atoms  and 
atomic  motion.  These  fundamental  ideas  are  intertwined  to  make 
up,  so  to  say,  the  silver  thread  which  runs  through  the  work  of 
forty  years.  They  were  the  dominant  conceptions  of  his  life. 
Even  in  his  earliest  paper,  published  when  he  was  just  twenty- 
one,  in  which  he  treats  of  the  absorption  of  gases  by  liquids,  we 
are  able  to  detect  in  the  phraseology  employed  that  his  mind  had 
been  already  permeated  by  the  notion  of  atomic  movement.  That 
he  should  be  familiar,  even  at  this  time,  with  the  conception  of 
atoms  in  the  Daltonian  sense  is  hardly  surprising,  when  we 
remember  that  he  had  already  come  under  the  influence  of 
Thomas  Thomson,  whose  place  in  the  history  of  science  is  pro- 
bably that  of  the  first  great  exponent  of  Dalton's  theory  of 
chemical  combination.  But  the  idea  of  motion  was  never  with 
Dalton  an  integral  or  essential  part  of  his  theory,  nor  in  so  far  as 
it  was  necessary  as  serving  to  explain  the  phenomena  of  chemical 
union,  was  it  held  by  Thomsoa  And  this  is  the  more  remarkable 
when  we  remember  that  Dalton  had  discovered  for  himself  the 
fact  of  the  molecular  mobility  of  a  gas,  and  that  his  first  glimpses 
of  the  truth  of  his  great  law  were  obtained  by  the  study  of  the 
chemical  combination  of  gases.  Graham  was  doubtless  cognisant 
in  a  general  way  of  the  speculations  of  the  early  Greeks,  but  there 
is  no  evidence  in  any  of  his  writings,  nor  has  anything  been  pre- 
served in  the  reminiscences  of  his  friends  and  contemporaries  to 
indicate  that  he  was  knowingly  influenced  by  them.  This  con- 
tinuity of  idea  is,  indeed,  the  most  striking  characteristic  of 
Graham's  labours:  all  his  work  seemed  to  centralise  round  this 
fundamental  conception  of  atomic  motion.  "In  all  his  work," 
says  Smith,  **  we  find  him  steadily  thinking  on  the  ultimate 
composition  of  bodies.  He  searches  after  it  in  following  the 
molecules  of  gases  when  difiusing;  these  he  watches  as  they  flow 
into  a  vacuum  or  into  other  gases,  and  observes  carefully  as  they 
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pass  through  tubes,  noting  the  effect  of  weight  and  of  composition 
upon  them  in  transpiration.  He  follows  them  as  they  enter 
into  liquids  and  pass  out,  and  as  they  are  absorbed  or  dissolved 
by  colloid  bodies,  such  as  caoutchouc  j  he  attentively  inquires  if 
they  are  absorbed  by  metals  in  a  similar  manner,  and  finds  the 
remotest  analogies,  which,  by  their  boldness,  compel  one  to  stop 
reading  and  to  think  if  they  be  really  possible.  He  follows  gases 
at  last  into  metallic  combination,  and  the  lightest  of  them  all  he 
makes  into  a  compound  with  one  of  the  heavier  metals,  chasing  it 
finally  through  various  lurking-places  until  he  brings  it  into  an 
alloy  and  the  form  of  a  medal,  and  puts  upon  it  the  stamp  of  the 
Mint.  Indeed,  he  is  scarcely  satisfied  even  with  this,  and  he 
finds  in  bodies  from  stellar  spaces — in  meteoric  iron — this  same 
metallic  hydrogenium,  which  he  draws  out  from  its  long  prison  in 

the  form  of  a  gas If  we  examine  his  work  on  Salts 

and  on  Solutions  we  have  a  similar  train  of  thought  One  might 
have  slighted  the  importance  which  he  attached  to  the  water  of 
salts,  and  the  temperature  at  which  it  was  reduced,  but  in  his 
hands  it  was  a  revelation  of  some  of  the  most  mysterious  internal 
phenomena  of  these  bodies. 

"A  chemist  must  take  great  pleasure  in  following  Graham 
when  he  seeks  the  laws  of  the  diffusion  of  liquids,  and  traces  their 
connections,  especially  when  they  lead  to  such  results  as  he 
expressed  by  dialysis,  a  process  founded  on  a  new  classification  of 
substances,  and  promising  still  the  most  valuable  truths.  We 
see  in  the  inquiry  how  Graham  thought  on  the  internal  constitu- 
tion of  bodies,  by  examining  the  motion  of  the  parts,  and  from 
the  most  unpromising  and  hopeless  masses  under  the  chemist's 
hands — amorphous  precipitates  of  alumina  or  of  albumen — brought 
out  analogies  which  connected  them  with  the  most  interesting 
phenomena  of  organic  life.  Never  has  a  less  brilliant-looking 
series  of  experiments  been  made  by  a  chemist,  whilst  few  have 
been  so  brilliant  in  their  results,  or  promise  more  to  the  inquirer 
who  follows  into  the  wide  region  opened." 

In  a  short  paper  entitled  *' Speculative  Ideas  respecting  the 
Constitution  of  Matter,"  originally  published  in  the  Proceedings 
of  the  Royal  Society  for  1863,  Graham  has  left  us  his  Confession 
of  Faith  upon  the  subject  to  which  he  had  devoted  the  whole  of  a 
thoughtful  life.  He  conceives  that  the  various  kinds  of  matter, 
now  recognised  as  different  elementary  substances,  may  possess 
one  and  the  same  ultimate  or  atomic  molecule  existing  in  different 
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conditions  of  movement  Graham  traces  the  harmony  of  this 
hypothesis  of  the  essential  unity  of  matter  with  the  equal  action 
of  gravity  upon  all  bodies.  He  recognises  that  the  numerous  and 
varjring  properties  of  the  solid  and  liquid,  no  less  than  the  few 
grand  and  simple  features  of  the  gas,  may  all  be  dependent  upon 
atomic  and  molecular  mobility.  Let  us  imagine,  he  says,  one 
kind  of  substance  only  to  exist — ponderable  matter ;  and  further 
that  matter  is  divisible  into  ultimate  atoms,  uniform  in  size  and 
weight  We  shall  have  one  substance  and  a  common  atom.  With 
the  atom  at  rest  the  miiformity  of  matter  would  be  perfect.  But 
the  atom  possesses  always  more  or  less  motion,  due,  it  must  be 
assumed,  to  a  primordial  impulse.  This  motion  gives  rise  to 
volume.  The  more  rapid  the  movement  the  greater  the  space 
occcupied  by  the  atom,  somewhat  as  the  orbit  of  a  planet  widens 
with  the  degree  of  projectile  velocity.  Matter  is  thus  made  to 
differ  only  in  being  lighter  or  denser  matter.  The  specific  motion 
of  an  atom  being  inalienable,  light  matter  is  no  longer  convertible 
into  heavy  matter.  In  short,  matter  of  diffei*ent  density  forms 
different  substances — different  inconvertible  elements,  as  they  have 
been  considered. 

It  should  be  said  that  Graham  uses  the  terms  atom  and  mole- 
cule in  a  wider  sense  than  that  which  the  limitations  of  modern 
chemistry  have  imposed  upon  them,  and  that  he  is  referring  to  a 
lower  order  of  molecules  or  atoms  than  those  which  more 
immediately  relate  to  gaseous  volume.  The  combining  atoms  of 
which  he  conceives  the  existence  are  not  the  molecules  of  which 
the  movement  is  sensibly  affected  by  heat,  with  gaseous  expansion 
as  the  result. 

According  to  Graham  the  gaseous  molecule  must  itself  be  viewed 
as  composed  of  a  group  or  system  of  the  inferior  atoms,  following 
as  a  unit  laws  similar  to  those  which  regulate  its  constituent  atoms. 
He  is,  in  fact,  applying  to  the  lower  order  of  atoms  ideas  suggested 
by  the  gaseous  molecule,  just  as  views  derived  from  the  solar 
system  are  extended  to  the  subordinate  system  of  a  planet  and 
its  satellites.  We  cannot  as  yet  fix  any  limit  to  this  process  of 
molecular  division.  To  Graham  the  gaseous  molecule  is  a  repro- 
duction of  the  inferior  atom  on  a  higher  scale.  The  diffusive 
molecules,  the  molecules  or  systems  which  are  affected  by  heat, 
are  to  be  supposed  uniform  in  weight,  but  to  vary  in  velocity 
of  movement,  in  correspondence  with  their  constituent  atoms. 
Hence,  the  molecular  volumes  of  different  elementary  substances 
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have  the  same  relation  to  each  other  as  the  subordinate  atomic 
▼olumes  of  the  same  substancea 

On  this  basis  Qraham  builds  up  a  conception  of  chemical  com- 
bination. He  points  out,  in  the  first  place,  that  these  more  and 
less  mobile,  or  light  and  heavy,  forms  of  matter,  have  a  singular 
relation  connected  with  equality  of  volume.  Equal  volumes  of 
two  of  them  can  coalesce  together,  unite  their  movement,  and 
form  a  new  atomic  group,  retaining  the  whole,  the  half,  or  some 
simple  proportion  of  the  original  movement  and  consequent 
volume.  Chemical  combination  thus  becomes  directly  an  affair 
of  volume  and  is  only  indirectly  connected  with  weight.  Com- 
bining weights  are  different  because  the  densities,  atomic  and 
molecular,  are  different.  The  volume  of  combination  is  uniform, 
but  the  fluids  measured  vary  in  density.  This  fixed  combining 
measure — Graham's  metron  of  simple  substances — weighs  1  for 
hydrogen,  16  for  oxygen,  and  so  on  with  the  other  "Elements." 

Graham,  however,  points  out  that  the  hypothesis  admits  of 
another  expression.  Just  as  in  the  theory  of  light  we  have  had 
the  alternative  hypotheses  of  emission  and  undulation,  so  in 
molecular  mobility  the  motion  may  be  assumed  to  reside  either  in 
separate  atoms  and  molecules,  or  in  a  fluid  medium  caused  to 
undulate.  A.  special  rate  of  vibration  or  pulsation  originally 
imparted  to  a  portion  of  the  fluid  medium  enlivens  that  portion  of 
matter  with  an  individual  existence,  and  constitutes  it  a  distinct 
element  or  substance. 

The  idea  of  the  essential  unity  of  matter  finds  its  analogy,  to 
Graham's  thinking,  in  the  continuity  of  the  so-called  physical 
states  of  matter.  He  clearly  perceived  that  there  is  no  real 
incompatibility  in  the  different  states  of  gas,  liquid,  and  solid. 
These  physical  conditions  are,  indeed,  often  found  together  in  the 
same  substance.  The  liquid  and  the  solid  conditions  supervene, 
as  Graham  puts  it,  upon  the  gaseous  condition  rather  than 
supersede  it.  They  do  not  api^ear  as  the  extinction  or  suppression 
of  the  gaseous  condition,  but  as  something  superadded  to  that 
condition.  Graham  conceives  that  the  three  conditions  (or 
constitutions)  probably  always  co-exist  in  every  liquid  or  solid 
substance,  but  one  predominates  over  the  others,  just  as  the 
colloidal  condition  or  constitution  which  intervenes  between  the 
liquid  and  crystalline  states  extends  into  both,  and  probably  affects 
all  kinds  of  solid  and  liquid  matter  in  a  greater  or  less  degree. 
Hence,  to  Graham's  thinking,  the   predominance  of  a  certain 
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physical  state  in  a  substance  appears  to  be  a  distinction  analogous 
to  those  distinctions  in  natural  history  which  are  produced  by 
unequal  development  Liquefaction  or  solidification  does  not 
involve  the  suppression  of  the  atomic  or  molecular  movement^  but 
only  the  restriction  of  its  range. 

Such,  then,  are  Graham's  ideas,  formulated  in  1863,  respecting 
the  probable  constitution  of  matter.  I  have  purposely  stated  them 
in  great  detail,  and,  for  the  most  part,  in  Graham's  own  words. 
The  paper  is  very  short  but  it  has  evidently  been  put  together  with 
great  care,  and  it  is  impossible  not  to  be  struck  with  the  evidence 
it  affords  of  Graham's  insight,  his  grasp  of  principles,  and  power 
of  co-ordination.  Consider,  for  example,  what  he  says  respecting 
the  continuity  of  the  so-called  physical  states  of  matter,  and  bear 
in  mind  upon  what  an  extremely  small  experimental  basis  it 
rested  at  that  time.  The  observations  of  Cagniard  de  la  Tour  were 
almost  forgotten,  or  at  all  events  their  significance  was  not  under- 
stood. The  classical  work  of  Andrews  was  not  yet  published.  And 
yet  this  work,  combined  with  that  of  a  dozen  experimentalists  in 
France,  Russia,  and  Germany,  has  only  served  to  confirm  and  ex- 
pand Graham's  fundamental  conception.  The  whole  paper  shows 
Graham  in  a  very  different  light  from  that  which  the  student  of 
to-day  might  be  apt  to  regard  him.  The  greater  number  of  his 
memoirs  are  mainly  the  records  of  measurements,  but  Graham  was 
not  a  great  measurer  in  the  sense  in  which  we  apply  that  term  to 
such  men  as  Regnault,  Magnus,  or  Bunsen.  Very  little  of  his 
work  was  done  by  his  own  hands,  and  it  must  be  confessed  that 
the  earlier  experimental  portion  was  occasionally  entrusted  to 
apparently  inexperienced  assistants.  Graham  had,  however,  the 
/brscherblick  which  characterises  the  true  investigator,  and  he 
possessed  a  really  marvellous  faculty  of  sifting  out  the  small  grain 
of  fact  which  often  lay  hidden  beneath  a  mass  of  imperfect 
observation.  And  yet  he  was  in  no  hurry  to  theorise.  He 
patiently  added  fact  to  fact,  repeating  and  verifying  his  observations 
long  after  he  had  got  an  inkling  of  the  truth  towards  which  they 
were  tending.  He  laboured  like  Faraday,  ohne  Hast,  ohne  Rasty 
and  his  work  is  a  monument  of  patient  concentrated  thought,  and 
of  a  singleness  of  purpose  which  never  swerved. 

"  Experimentarian  philosophers "  of  Graham's  type  (to  use  a 
phrase  which  Hobbes  of  Malmesbury  once  flung  at  the  .progenitors 
of  the  Royal  Society)  have  very  similar  intellectual  tendencies. 
One  is  insensibly  led  to  compare  Graham  with  the  greatest  of 
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our  Tgngliali  atomists,  John  Dalton.      If  you  will  turn  to  Dr. 
Henry's   "  life  of  Dalton/'  and  read  the  charming  analysis  of 
Dalton's  mental  characteristics,  made  by  one  who  knew  him 
well,  and  who  had    studied  him   carefully,  you  will   find  that 
practically   all    that  is    there   stated   is   equally   applicable   to 
Graham.     Both  men  were  pre-eminently  endowed  with  the  faculty 
of  contemplating  abstract  relations  of  space  and  number,  and  each 
began  his  researches   with  the    expectation  that   all    empirical 
phenomena  were  to  be  brought  under  the  control  of  mathematical 
laws.     Thus  Dalton  strove  to  prove  that  the  changes  produced  in 
the  gaseous  and  liquid  states  of  matter  vary  as  the  square,  cube, 
or  some  other  simple  function  of  the  temperature.     Graham,  in 
like  manner,  sought  to  show  that  the  movement  of  his  diffusive 
molecules,  whether  in  liquids  or  in  gases,  was  related  to  some 
equally  simple  function  of  their  mass.     Henry  says  of  Dalton 
that  "  his  inmost  mental  nature,  and  all  its  outward  manifesta- 
tions  were,   in  the  language    of    the    German   metaphysicians, 
emphatically  subjective.    Thus  in  special  or  objective  chemistry  he 
has  left  absolutely  no  sign  of  his  presence;  no  great  monograph  on 
an  individual  body  and  its  compound;  no  memorable  analysis  of 
a  substance  deemed  simple,  into  yet  simpler  elements;  no  new 
element — no  Neptune — added  to  the  domain  of  chemistry."    Every 
word  of  these  sentences  could  be  applied  with  equal  truth  to 
Graham.     The  tendencies  of  both  men  were  essentially  introspec- 
tive.    Each  was  capable  of  the  most  patient  and  concentrated 
thought,  and  of  steady  prolonged  attention,  wholly  abstracted  from 
external  objects  and  events.     I  have  heard  the  late  Dr.  Young  nar- 
rate the  most  extraordinary  instances  of  Graham's  power  of  mental 
abstraction.     Dalton  said  of  himself  that  "  If  I  have  succeeded 
better  than  many  who  surround  me,  it  has  been  chiefly,  nay,  I 
may  say,  almost  solely  from  unwearied  assiduity.     It  is  not  so 
much  from   any  superior  genius  that  one   man   possesses  over 
another,  but  more  from  attention  to  study  and  perseverance  in 
the  objects  before  them,  that  some  men  rise  to  greater  eminence 
than  others." 

It  seems  like  a  contradiction  in  terms,  when  we  reflect  for  a 
moment  upon  the  characteristic  features  and  tendency  of  his 
work,  to  say  that  Graham,  like  Dalton,  was  utterly  devoid  of  the 
quality  we  call  imagination.  Henry  says  of  Dalton  that  imagina- 
tion had  absolutely  no  part  in  his  discoveries,  except,  perhaps,  as 
enabling  him  to  gaze  in  mental  vision  upon  the  ultimate  atoms  of 
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matter,  and  as  shaping  forth  those  pictorial  representations  of 
unseen  things  by  which  his  earliest  as  well  as  his  latest  philo- 
sophical speculations  were  illustrated.  Graham  would  not  even 
allow  his  fancy  that  amount  of  play.  Even  in  the  speculative 
essay  from  which  I  have  quoted  so  largely,  it  seems  as  if  every 
word  had  been  weighed,  and  every  sentence  put  together  with  slow 
laborious  thought.  This  passionless  aspect  of  his  work  seems  to 
have  greatly  impressed  Angus  Smith,  himself  a  man  of  lively 
sympathy  and  of  quick  susceptibility.  "  His  works,''  says  Smith, 
"  are  full  of  care,  but  not  of  joy." 

A  quarter  of  a  century  has  elapsed  since  Graham  formulated 
his  conceptions  concerning  the  constitution  of  matter.  I  wish 
now  to  indicate,  as  briefly  as  may  be,  how  these  conceptions  have 
developed  during  these  five-and-twenty  years. 

The  idea  of  the  essential  unity  of  matter  has  a  singular  fascination 
for  the  human  mind  It  may  be  that  it  has  its  germ  in  the 
persistency  with  which  every  mind,  even  that  of  a  child,  seeks  to 
get  at  first  pviDciples.  The  most  superficial  reader  of  the  history 
of  intellectual  evolution  cannot  fail  to  perceive  how  greatly  it  has 
modified  and  directed  the  development  of  scientific  thought. 
The  whole  course  of  chemistry,  for  example,  has  been  controlled 
by  this  fundamental  conception.  The  half-educated  student 
of  today  may  smile  at  the  notion  of  the  transmutation  of 
the  metals  which  held  such  sway  over  the  minds  of  the  early 
alchemists,  but  the  men  who  followed  this  ignis  fatwis  with  weary 
faltering  steps,  and  who  frequently  sunk  under  the  burden  of 
disappointed  hope  and  the  sense  that  to  them  it  was  not  given  to 
know  the  light,  felt  that  this  idea  rested  on  a  rational  basis.  They, 
like  ourselves,  could  give  a  reason  for  the  faith  that  was  in  them ;  and 
yet  no  article  of  scientific  doctrine  has,  in  these  later  times,  sufifered 
greater  vicissitudes.  Men's  ideas  concemiDg  the  essential  unity 
of  things  must  have  received  a  rude  shock  when  it  was  found  that 
such  a  thing  as  water  was  not  only  complex,  but  was  made  of 
bodies  strangely  contrasted  in  properties;  that  the  air  was  still 
less  simple  in  composition;  and  that,  as  it  appeared,  almost  every 
form  of  earth  could,  by  torture,  be  made  to  give  up  some  dissimilar 
thing.  The  biilliant  discoveries  of  Davy  which  made  the  early 
years  of  this  century  an  epoch  in  the  history  of  science  seemed 
to  open  out  a  vista  to  which  there  was  no  conceivable  ending. 
The  order  of  things  was  not  towards  simplification,  it  tended 
rather  towards  complexity ;  and  yet  Davy  himself  seemed  unable 
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or  unwilling  to  push  his  waj  along  the  path  of  which  the  world 
regarded  him  as  the  pioneer.  It  may  be  that  he  was  unable 
to  shake  himself  free  from  the  domination  of  the  school-men,  or 
that  he  unconsciously  felt  the  truth  of  the  principle  to  which  his 
own  discoveries  seemed  opposed.  It  is  difficult  otherwise  to 
account  for  the  tardiness  with  which  he  accepted  the  hypothesis  of 
Dalton;  even  to  the  last  the  Daltonian  atom  had  nothing  distinctive 
to  Davy  beyond  its  combining  weight.  Davy  never  wholly  com- 
mitted himself  to  a  belief  in  the  indivisibility  of  the  atom :  that 
indivisibility  was  the  very  essence  of  Dalton's  creed.  In  arguing 
with  a  friend  concerning  the  principle  of  multiple  proportion, 
Dalton  would  clinch  the  discussion  by  some  such  statement  as  "  thou 
knows  IT  MUST  BE  so,  for  no  man  can  split  an  atom,"  Even  Thomas 
Thomson,  whom  I  have  already  characterised  as  the  first  great 
exponent  of  Dalton's  generalisation,  was  torn  by  conflicting  beliefs 
until  he  found  peace  in  the  hypothesis  of  Prout  and  Meinecke 
that  the  atomic  weights  of  all  the  so-called  elements  are  multiples 
of  a  common  unit,  and  which  he  sought  to  establish  by  some  of 
the  very  worst  quantitative  determinations  to  be  found  in  chemical 
literature.  It  is  curious  to  note  the  bondage  in  which  the  old 
metaphysical  quibble  concerning  the  divisibility  or  indivisibility 
of  the  atom  held  the  immediate  followers  of  Dalton.  Graham, 
however,  never  felt  such  trammels;  to  him  the  atom  meant  some- 
thing which  is  not  divided,  not  something  which  cannot  be  divided. 
With  Graham,  as  with  Lucretius,  the  original  atom  may  be  far 
down.  Every  philosophic  thinker  to-day  has,  I  should  imagine, 
come  to  be  of  this  opinion.  Not  many  years  ago  it  was  the  fashion 
to  maintain  that  Stas's  great  work  had  for  ever  demolished  the 
doctrine  of  the  primordial  yi^,  and  that  Roger  Bacon's  aphorism 
that ''  barley  is  a  horse  by  possibility,  and  wheat  is  a  possible  man, 
and  man  is  possible  wheat,''  was  henceforth  an  idle  saying.  Stas's 
work  is  a  monument  of  experimental  skill,  and  it  has  furnished  us 
with  a  set  of  numerical  ratios  which  are  among  the  best  determined 
of  any  physical  constants.  It  may  be  that  it  demolished  Front's 
hypothesis  in  its  original  form,  but  it  has  not  touched  the  wider 
question;  whether  indeed  the  wider  question  is  capable  of  being 
reached  by  direct  experiments  of  the  nature  of  those  of  Stas  is 
very  doubtful,  unless  the  weight  of  the  common  atom  is  some  very 
considerable  fraction,  say  one-half  or  one-fourth  of  that  of  the 
hydrogen  atom.  Dumas  has,  as  you  know,  modified  Front's 
hypothesis  in  this  sense  by  assuming  as  the  common  divisor  half 
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the  atomic  weight  of  hydrogen,  but  there  is  no  d  priori  reason  why 
we  should  stop  at  this  particular  subdivision.  The  exact  relation 
of  Stas's  work  to  Front's  law  has,  I  think,  been  fairly  stated  by 
Professor  Mallet  at  the  conclusion  of  his  admirable  paper  on  the 
Atomic  weight  of  Aluminium,  in  the  Philosophical  Transcuitions 
for  1880  (vol  171, 1033).  Stasis  main  result,  says  Mallet,  "is  no 
doubt  properly  accepted  if  stated  thus,  that  the  differences 
between  the  individual  determinations  of  each  of  sundry  atomic 
weights  which  have  been  most  carefully  examined  are  distinctly 
less  than  their  difference,  or  the  difference  of  their  mean  from  the 
integer  which  Front's  law  would  require.  But  the  inference  which 
Stas  himself  seems  disposed  to  draw  and  which  is  very  commonly 
taken  as  the  proper  conclusion  from  bis  results,  namely,  that 
Front's  law  is  disproved,  or  is  not  supported  by  the  facts,  appears 
much  more  open  to  dispute.  It  must  be  remembered  that  the  most 
careful  work  which  has  been  done  by  Stas  and  others,  only  proves 
by  the  close  agreement  of  the  results  that  fortuiUms  errors  have 
been  reduced  within  narrow  limits.  It  does  not  prove  that  all 
sources  of  constant  error  have  been  avoided,  and  indeed  this  never 
can  be  absolutely  proved,  as  we  never  can  be  sure  that  our 
knowledge  of  the  substances  we  are  dealing  with  is  complete;  of 
course,  one  distinct  exception  to  the  assumed  law  would  disprove 
it,  if  that  exception  were  itself  fully  proved,  but  this  is  not  the 
case.  As  suggested  by  Marignac  and  Dumas,  anyone  who  will 
impartially  look  at  the  facts  can  hardly  escape  the  feeling  that  there 
must  be  some  reason  for  the  frequent  recurrence  of  atomic  weights 
differing  by  so  little  from  accordance  with  the  numbers  required 
by  the  supposed  law."  Frofessor  Mallet,  in  tabulating  the  atomic 
weights  which  may  be  fairly  considered  as  determined  with  the 
greatest  attainable  precision,  or  a  very  near  approach  thereto,  and 
without  dispute  as  to  the  methods  employed,  points  out  that  out 
of  the  18  numbers  so  given,  10  approximate  to  integers  within  a 
range  of  variation  less  than  one-tenth  of  a  unit  He  then 
proceeds  to  calculate  the  degree  of  probability  that  this  is  purely 
accidental,  as  those  hold  who  carry  to  the  extreme  the  conclusions 
of  Berzelius  and  Stas,  and  he  finds  that  the  probability  in  question 
is  only  equal  to  1:  1097*8,  and  he  concludes  that  not  only  is 
Front's  law  not  as  yet  absolutely  overturned,  but  that  a  heavy  and 
apparently  increasing  weight  of  probability  in  its  favour,  or 
in  favour  of  some  modification  of  it,  exists  and  demands 
consideration. 
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It  would  be  impossible  for  me  to  attempt  to  traverse  the  whole 
ground  of  this  question  which  has  been  opened  up  during  the  past 
fifteen  or  twenty  years.  Even  if  I  could  claim  the  time  and  your 
indulgence,  there  is  hardly  the  necessity  for  such  a  demand  on 
your  patience.  Mr.  Crookes,  only  so  recently  as  September  last, 
gave  an  admirably  complete  exposition  of  the  present  state  of  the 
case  in  his  address  to  the  Chemical  Section  of  the  Biitish  Associa- 
tion at  the  Birmingham  Meeting,  and  for  me  to  go  over  the  ground 
again  with  you  would  be  simply  to  plough  with  Mr.  Crookes'  heifer. 
Some  years  ago,  Mr.  Norman  Lockyer,  as  you  doubtless  know, 
approached  the  subject  from  another  point  of  view,  and  in  his 
recent  work,  "The  Chemistry  of  the  Sun,"  you  will  find  a 
summary  of  the  evidence  which  the  spectroscope  has  afforded  us 
concerning  the  dissociation  of  "elementary"  matter  at  such 
transcendental  temperatures  as  we  have  in  stars  like  the  sun. 

Now  when  we  pass  in  review  all  this  evidence;  when  we  reflect 
upon  the  mode  of  distribution  of  the  elements  and  especially  their 
tendency  to  associate  in  correlated  groups;  when  we  bear  in  mind 
the  absolute  analogy  which  exists  in  the  general  behaviour  and 
mode  of  action  of  the  radicles  which  are  confessedly  compound  with 
those  which  are  assumed  to  be  simple;  when  we  have  regard  to 
the  phenomena  of  allotropy,  isomerism,  and  homology,  the  mind 
insensibly  appeals  to  the  principle  of  continuity  and  refuses  to 
believe  that  the  seventy  and  odd  "elemental  "  forms,  to  which  our 
processes  of  analysis  have  reduced  all  the  kinds  of  matter  we  see 
around  us,  differ  in  essence  from  bodies  which  are  known  to  be 
compound. 

The  connection  between  the  properties  of  the  "  elements  "  and 
the  relative  weights  of  their  atoms,  .as  developed  by  Newlands, 
Mendelejeff,  Lothar  Meyer,  Camelley,  and  others,  has  served  to 
strengthen  this  conviction.  The  discovery  that  the  physical  and 
chemical  properties  of  the  elements  are  as  periodic  functions  of  their 
atomic  weights  is  unquestionably  the  most  important  generalization 
we  have  had  in  chemical  philosophy  during  the  last  five-and-twenty 
years.  Its  bearings  upon  the  question  of  the  origin  of  the 
"elements"  have  been  worked  out  in  the  Presidential  Address  I 
have  already  referred  to.  Mr.  Crookes,  like  Mr.  Lockyer  before 
him,  in  seeking  to  apply  to  this  question  of  the  genesis  of  the 
"  elements "  the  same  principles  of  evolution  which  Laplace  has 
already  applied  to  the  creation  of  the  heavenly  bodies,  and  which 
Lamarck,   Darwin,   and   Wallace   have   applied   to   that   of  the 
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organic  world,  is  again  appealing  to  the  law  of  continuity. 
The  mind  which  holds  that  nature  is  one  harmonious  whole 
is  fain  to  believe  that  the  probability  that  the  elements  have 
originated  by  chance,  and  are  eternally  self-exiatent,  is  just 
as  remote  as  that  the  animals  and  plants  of  to-day  are  prim- 
ordially  created  things.  I  think,  in  what  I  am  now  saying,  I 
may  fairly  claim  to  be  reflecting  the  opinion  on  this  matter  of  every 
philosophic  thinker  of  to-day.  Nay  more :  you  must  allow  that 
the  germ  which  has  been  kept  alive  for  so  many  centuries,  and 
which  has  come  down  to  us  through  the  brains  of  a  succession  of 
thinkers  like  Leucippus,  Aristotle,  Lucretius,  Bacon,  Newton, 
Dalton,  and  Graham,  has  become  quickened  and  endowed  by  the 
light  which  modern  science  has  shed  upon  it  from  all  sides  with 
a  vitality  which  will  persist  and  strengthen. 

Having  thus  traced  the  development  of  the  idea  held  by  Graham 
of  the  essential  oneness  of  matter,  let  us  spend  the  few  remaining 
moments  in  considering,  in  the  most  general  way,  how  the  science 
of  the  last  twenty-five  years  has  worked  out  and  extended  his 
conceptions  concerning  the  properties  of  the  atom  and  its  mode  of 
motion. 

The  treatment  which  "  the  few  grand  and  simple  features  of  the 
gas,"  to  quote  Graham's  phrase,  have  received  at  the  hands  of 
Clausius,  Clerk-Maxwell,  Helmholtz,  Sir  William  Thomson,  and 
a  score  of  workers  in  this  country  and  on  the  Continent  who  have 
been  actuated  by  their  influence,  has  served  to  dispel  much  of  the 
metaphysical  fog  which  has  enshrouded  the  notion  of  the  atom, 
and  to-day  we  are  able  to  reason  about  atoms,  as  physical  entities, 
having  extension  and  figure,  and  of  their  number  and  dimensions 
and  peculiarities  of  movement,  with  the  confidence  which  is  based 
on  well  ascertained  facts.  We  have,  of  course,  not  yet  attained  to 
a  complete  molecular  theory  of  gases.  But  we  know  the  relative 
masses  of  the  molecules  of  various  gases,  and  we  have  calculated 
in  miles  per  second  their  average  velocity.  The  phenomena  of 
diffusion  indicate  that  the  molecules  of  one  and  the  same  gas  are 
all  equal  in  mass.  For,  as  was  pointed  out  by  Clerk- Maxwell,  if 
they  were  not,  Graham's  method  of  using  a  porous  septum  would 
enable  us  to  separate  the  molecules  of  smaller  mass  from  those 
of  greater,  as  they  would  stream  through  porous  substancas  with 
greater  velocity.  We  should  thus  be  able  to  separate  a  gas,  say 
hydrogen,  into  two  portions,  having  different  densities  and  other 
physical  properties,   different  combining   weights,   and  probably 
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different  chemical  properties  of  other  kinds.  As  no  chemist  has 
yet  obtained  specimens  of  hydrogen  differing  in  this  way  from 
other  specimens,  we  conclude  that  all  the  molecules  of  hydrogen 
are  of  sensibly  the  same  mass,  and  not  merely  that  their  mean 
mass  is  a  statistical  constant  of  great  stability.  (See  Art.  *' Atom/' 
Ency,  BriLy  9th  ed.)  This  line  of  argument  has,  it  seems  to  me, 
an  important  bearing  upon  a  question  which  has  been  i*aised  by 
Marignac,  Schutzenberger,  and  others,  and  which  has  again  been 
raised  by  Mr.  Crookes  in  the  address  I  have  already  referred  to. 
Mr.  Crookes  thinks  that  it  may  well  be  questioned  whether  there 
is  an  absolute  uniformity  in  the  mass  of  every  ultimate  atom  of 
the  same  chemical  element,  and  that  it  is  probable  that  our  atomic 
weights  merely  represent  a  mean  value,  around  which  the  actual 
atomic  weights  of  the  atoms  vary  within  certain  narrow  limits,  or 
in  other  words,  that  the  mean  mass  is  "  a  statistical  constant  of 
great  stability."  Tht  facts  of  diffusion  would  seem  to  lend  no 
support  to  such  a  supposition. 

Graham  was  still  living  when  Loschmidt  published  what  Exner 
calls  his  epoch-making  paper  '^  On  the  Size  of  the  Air  Molecule.'' 
Although  the  numerical  estimate  which  Loschmidt  deduced  from 
the  mean  free  path  of  the  molecules  and  their  volume  has  now  only 
an  historical  interest,  it  has  exercised  a  profound  influence  on  the 
development  of  molecular  physics  in  demonstrating  that  in  dealing 
with  molecules  we  are  dealing  with  masses  of  finite  dimensions, 
and  further  that  these  dimensions  are  by  no  means  immeasurably 
small.  The  very  manner  in  which  Loschmidt  stated  his  con- 
clusions was  well  calculated  to  rivet  attention.  He  showed  that 
these  magnitudes,  small  as  they  are,  are  yet  comparable  with  those 
which  can  be  reached  by  mechanical  skill.  The  German  optician 
Nobert  has  ruled  lines  on  a  glass  plate  so  close  together  that  it 
requires  the  most  powerful  microscope  to  observe  the  intervals 
between  them ;  he  has  drawn,  for  example,  as  many  as  4,000  lines 
in  the  breadth  of  a  millimeter,  that  is  about  112,000  lines  to  the 
inch.  Now  if  we  assume  with  Maxwell  that  a  cube  whose  side  is 
the  4,000th  of  a  millimeter  is  the  smallest  volume  observable  at 
present,  it  would  follow  that  such  a  cube  would  contain  from  60  to 
100  millions  of  molecules  of  oxygen  or  nitrogen;  and  if  we  further 
assume  that  the  molecules  of  organised  bodies  contain  on  an 
average  50  ^'  elementary "  atoms,  it  further  follows  that  the 
smallest  organised  particle  visible  under  the  microscope  contains 
about  two  million  molecules  of  organic  matter.     And  as  at  least 
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half  of  every  living  organism  is  made  up  of  water,  we  arrive  at  the 
conclusion  that  the  smallest  living  being  visible  under  the  micro- 
scope does  not  contain  more  than  about  a  million  organic  molecules. 
I  could  have  wished,  had  time  permitted,  to  have  dwelt  a  little 
upon  the  intensely  interesting  questions  which  such  a  conclusion 
at  once  raises.  In  the  article  "  Atom  "  in  the  present  edition  of 
the  Encyclopaedia  Britannica^  from  which  I  have  quoted,  you  will 
find  Clerk-Maxwell  points  out  its  relation  to  physiological  theories, 
and  especially  to  the  doctrine  of  Pangenesis.  "  Molecular  science," 
says  Maxwell,  **  forbids  the  physiologist  from  imagining  that 
structural  details  of  infinitely  small  dimensions  can  furnish  an 
explanation  of  the  infinite  variety  which  exists  in  the  properties 
and  functions  of  the  most  minute  organisms." 

In  the  year  following  Graham's  death  Sir  William  Thomson  still 
further  developed  the  modes  of  molecular  measurement,  and 
from  a  variety  of  considerations,  based  upon  the  kinetic  theory  of 
gases,  upon  the  thickness  of  the  films  of  soap  bubbles,  and  from  the 
electrical  contact  between  copper  and  zinc,  he  arrived  at  estimates 
which,  although  sensibly  difiierent  from  that  of  Loschmidt,  are  still 
commensurable  with  it.  In  a  subsequent  lecture  to  the  Royal 
Institution,  given  about  four  years  ago,  he  extended  the  lines  of 
his  argument  and  arrived  at  the  conclusion  that  in  any  ordinary 
liquid,  transparent  solid,  or  seemingly  opaque  solid,  the  mean 
distance  between  the  centres  of  contiguous  molecules  is  less  than 
the  one  five-millionth  and  greater  than  the  one  thousand-millionth 
of  a  centimeter ;  and  in  order  to  give  us  some  conception  of  the 
degree  of  coarse-grainedness  implied  by  this  conclusion,  he  asks  us 
to  imagine  a  globe  of  water  or  glass,  as  large  as  a  football,  to  be 
magnified  up  to  the  size  of  the  Earth,  each  constituent  molecule 
being  magnified  in  the  same  proportion.  The  magnified  structure 
would  be  more  coarse-grained  than  a  heap  of  small  shot,  but 
probably  less  coarse-grained  than  a  heap  of  footballs.  {Nature^ 
July  19,  1883.) 

Here  I  think  we  may  leave  the  subject,  at  all  events  for  to-night. 
I  am  painfully  conscious  that  I  have  left  unsaid  much  tliat  ought 
to  have  been  said,  and  possibly  said  some  things  that  might  well 
have  been  left  unsaid.  But  my  main  purpose  will  have  been 
served  if  I  have  succeeded  in  indicating  to  you  Graham's  position 
as  an  atomist,  and  in  showing  you  how  his  ideas  respecting  the 
constitution  of  matter  have  germinated,  and,  like  the  seed  which 
fell  upon  good  ground,  have  borne  fruit  an  hundredfold. 


Mr,  C.  Gairdner  on  Report  on  Depression  of  Trade.    133 


XIL — An  Examination  of  the  Report  of  the  Royal  Commission  on 
Depression  of  Trade:  Address  inaugurating  tlie  Economic 
Science  Section.  By  Mr.  Charles  Gairdner,  President  of 
the  Section. 


LRead  before  the  Society,  2iid  March,  1887.] 


We  meet  to-night  for  the  purpose  of  opening  within  the  Philo- 
sophical Society  a  new  Section  to  be  devoted  to  Economic  Science. 
That  this  is  a  development  suited  to  the  time  is  shown  by  many 
indications.  The  conditions  of  commerce,  and  the  relations  between 
capital  and  labour,  between  producer  and  consumer,  between  debtor 
and  creditor,  are  continually  changing,  and  out  of  these  changes 
arise  questions  which  require  to  be  examined  and  discussed  if  we 
would  avoid  falling  into  error.  Such  discussions  are  largely 
carried  on  now  by  means  of  pamphlets  and  newspaper  corres- 
pondence, with  little  educative  result  considering  the  enthusiasm 
displayed.  We  propose  to  improve  upon  this  by  creating  an  arena 
where  papers  carefully  prepared  may  be  read  and  debated.  The 
movement  has  already  i-eceived  encouraging  support,  not  only  from 
the  members  of  the  Society,  but  from  more  than  fifty  associates 
who  have  given  in  their  adhesion,  and  from  whom  we  anticipate 
much  of  the  energy  which  will  give  life  to  the  Section.  I  only 
wish  you  had  found  a  president  better  fitted  for  the  post,  and 
more  abundantly  endowed  with  the  leisure  it  is  desirable  he 
should  have.  As  it  is,  I  willingly  undertake  that  what  I  can  do 
in  making  our  work  a  success  shall  be  done  with  cordiality  and 
devotion,  and  I  thank  you  very  sincerely  for  the  honour  you  have 
done  me  in  appointing  me  to  be  your  first  president. 

To-night  I  should  like  to  consider  with  you,  in  the  first  place, 
the  kind  of  subjects  which  are  likely  to  prove  interesting  and 
suitable  for  our  purpose.  Economic  science  is  a  comprehensive 
term,  and  while  I  would  not  begin  by  limiting  its  scope,  I  would, 
nevertheless,  suggest  that  our  papers  and  discussions  should,  as  a 
rule,  have  a  practical  aim.  In  an  active  and  intelligent  com- 
munity like  this  we  are  seldom  without  burning  questions  of  one 
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kind  or  another  affecting  our  material  interests.  These  interests 
will  give  a  sense  of  reality  to  our  discussions,  and  I  think  it  will 
generally  be  found  that  those  who  combine  a  knowledge  of  detail 
with  a  firm  grasp  of  sound  general  principles  will  come  off  best  in 
debate.  Those  of  us  who  are  getting  up  in  years,  cmd  who  can 
remember  the  great  Parliamentary  debates  of  thirty  and  forty 
years  ago,  which  preceded  the  present  era  of  commercial  freedom, 
are  apt  to  suppose  that  the  questions  settled  then  have  without 
doubt  been  settled  for  ever.  But  as  I  grow  older  I  see  more 
clearly  the  danger  of  this  assumption,  and  the  need  for  constant 
and  reiterated  exposition  even  of  economic  principles  which  may 
be  regarded  as  elementary. 

Even  if  our  system  of  commerce  were  ideally  perfect,  it  would 
be  subjected  to  trials.  Our  cycles  of  fat  and  lean  years  have  their 
origin,  to  all  appearance,  in  natural  causes.  The  lean  years  prove 
trying  to  the  weak  and  improvident,  and  ci'eate  doubts  and  mis- 
givings as  to  whether  "something"  should  not  be  done  for  their 
relief  The  government — that  is  to  say,  Jupiter — is  in  such  cases 
sure  to  be  called  upon.  A  little  protection  against  the  competitor 
across  the  water  would,  it  is  seen,  make  all  the  difference  between 
a  loss  and  a  profit.  Why  should  the  struggling  trader  not  have 
this  protection,  and  so  save  himself  and  workmen  from  wreck  and 
ruini  At  heart,  I  fear,  every  man  in  that  day  of  trial  becomes  a 
protectionist;  and  if  it  be  so  clearly  good  for  him,  why  should  it 
not  be  good  for  all?  So  runs  the  argument  from  the  point  of  view 
of  the  individual  trader.  From  that  of  the  nation  it  is  another 
affair,  which,  as  we  shall  presently  see,  has  also  a  good  deal  to 
say  for  itself.  Considerations  such  as  these  make  it  necessary 
that  instruction  in  economic  science  shall  form  part  of  the  educa- 
tion of  every  citizen,  so  that  not  merely  at  school  and  at  college, 
but  daily  throughout  our  lives,  we  shall  be  able  to  apply  sound 
principles  to  the  solution  of  the  ever-changing  social  problems  we 
have  presented  to  us. 

I  have  stated  that  the  time  is  favourable  for  opening  this 
Economic  Science  Section.  If  evidence  be  required  of  this  we 
find  it,  I  think,  in  the  fact  that  we  have  been,  and  still  are, 
passing  through  a  particularly  perplexing  time  in  the  economical 
affairs  of  the  world.  To  whatever  cause  it  may  be  attributable, 
we  have  had  a  remarkable  progress  downwards  in  prices  in  all  the 
gold  currency  countries,  prolonged  over  many  years,  and  accom- 
panied by  great  disturbance  in  the  relations  between  all  {lersons 
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possessed  of  property  or  engaged  in  industrial  pursuits.    So  serious 
has  this  become  that  we  have  had  a  Koyal  Commission  appointed 
to  investigate  its  "  extent,  nature,  and  probable  causes,  and  whether 
it  can  be  alleviated  by  legislative  or  other  measures."     The  need 
for  examination  and  discussion  of  what   has  thus  come  to  be 
generally  called  the  "Depression  of  Trade"  is  rendered  none  the 
less,  but  rather  the  more,  urgent,  because  now  that  the  Eeport  of 
the  Commission  has  been  presented — containing,  as  it  does,  a  large 
amount  of  valuable  information — we  find  that  the  Reporters  have 
failed  to  agree  on  any  important  practical  conclusion.      We  find 
that  the  inquiry  was  committed  to  23  men,  presumably  competent 
for  the  duty,  and  that  while  18  of  the  number  have  agreed  on  a 
joint  Report,  no  fewer  than  1 1  of  these  have  found  it  necessary 
to  qualify  their  concurrence  by  separate  Reports.    An  independent 
Report  has  been  made  by  four  of  the  remaining  membera,  one  of 
whom,  again,  appends  a  second  explanatory   Report ;    and  the 
twenty-third  member  has  found  it  necessary  to  have  a  Report 
entirely  to  himself.     The  main  Report  is  evidently  a  compromise 
between  men  of  different  opinions,  and   so   its   conclusions   are 
almost  of  necessity  disappointingly  feeble.     This  want  of  agree- 
ment, however,  which  takes  from  the  Report  much  of  its  practical 
usefulness,  makes  it  all   the  more  serviceable  for  our  purpose. 
The  subjects  it  treats  of  are  of  the  gravest  national  importance, 
and  have  been  examined  by  men  of  opposite  modes  of  thinking. 
The  evidence  taken  is  in  great  measure  that  of  the  best-informed 
men — including  such  names  as  Sir  James  Caird  in  Agriculture, 
Sir  Lowthian  Bell  in  Iron,  Martineau  and  Neil  in  Sugar,  Giffen 
in  General  Statistics,  as  well  as  many  other  representatives  of 
Capital  and  Labour  whose  opinions  are  of   the  highest  value. 
The  blue-books  containing  the  Reports  and  evidence  have,  by  my 
request,  been  furnished  to  the  Library,  and  I  commend  them  to 
your  diligent  examination. 

One  of  the  first  things  for  which  you  will  naturally  look  in 
examining  the  Report  is  a  definition  of  the  phrase — "  Depression 
of  Trade."  In  the  chief  Report  you  will  find  it  explained  to  be 
"a  diminution  and,  in  some  cases,  an  absence  of  profit,  with  a 
corresponding  diminution  of  employment  for  the  labouiing  classes." 
From  the  point  of  view  of  the  trader  this  definition  is,  perhaps, 
sufficiently  accurate ;  the  thing  which  he  complains  of,  and  which 
depresses  him,  is  undoubtedly  want  of  profit.  But  it  does  not 
follow  from  this  that  his  experience  illustrates  the  whole  case. 


The  Commissioners  were  inatncted  to  report  wlietber  the  depnar 
sion  could  be  *'  alleviated  bj  legislatiTe  or  other  measoresy"  and 
before  legislation  can  be  called  into  operation  it  is  necessary  to  dis- 
cover whether  the  want  of  profit  applies  only  to  a  particular  class 
or  to  the  whole  nation,  whether  the  loss  of  one  section  of  the  people 
may  not  have  been  compensated  bj  the  gains  of  another.  Until 
facts  such  as  these  have  been  cleared  ap  it  is  premature  to  discnas 
the  remedy. 

How  then  stands  the  fact  ?  Can  it  truly  be  said  that  there  has 
been  a  diminution  or  complete  absence  of  national  profit  in  recent 
years?  Before  we  can  answer  the  question  it  is  necessary  to 
consider  wherein  the  profit  or  gain  of  the  nation  through  trade 
and  commerce  consists.  The  answer  cannot  be  presented  in  the 
compendious  form  of  pounds,  shillings,  and  pence.  That  is  the 
natural  and  appropriate  mode  for  a  trader  to  ascertain  and  express 
the  result  of  his  trading,  but  it  has  no  applicability  to  the  aggregate 
trading  of  a  nation.  The  gains  of  a  nation  by  trade  do  not 
correspond  with  the  aggregate  gains  of  its  traders — a  fact  of  great 
importance  which,  I  fear,  has  not  been  always  remembered  by  the 
Royal  Commissioners. 

In  considering  the  national  gains  you  must  not  look  to  the 
money  which  the  trader  uses  as  a  part  of  his  machinery,  but  to  the 
things  themselves  which  form  the  national  wealth.  The  whole 
money  within  the  country  represents  but  a  fraction  of  one  per 
cent,  of  its  aggregate  wealth.  The  true  wealth  consists  in  those 
interchangeable  commodities  which  serve  to  satisfy  the  wants  of 
the  people.  Have  these  things  increased  or  decreased  in  volume  1 
On  the  answer  to  this  question  depends  the  gain  or  loss  of  the 
nation  within  any  defined  period. 

It  may  be  that  some  portion  of  my  audience  have  not  had  occasion 
to  consider  this  view  of  the  trading  of  a  nation  with  the  attention 
it  deserves,  and  as  it  has  a  direct  bearing  on  the  subject  referred 
to  by  the  Royal  Commission  I  may  be  pardoned  for  following  up 
the  subject  a  little  further.  In  the  admirable  volume  of  the 
late  Professor  Caimes  on  "  Some  leading  principles  of  Political 
Economy,"  he  devotes  part  of  a  paper  to  the  subject  of  the  gain  on 
foreign  trade.  Having  exposed  the  fallacy  of  the  theories  of  the 
"  balance  of  trade  "  and  the  "  excess  of  imports  over  exports  "  as 
exhibiting  the  profits  or  losses  of  a  trading  nation,  he  shows  "that  the 
end  and  purpose  of  all  trade  is  to  cheapen  production,  and  so  to  mini- 
ster more  efiectually  to  the  ultimate  end — the  need  of  the  consumer. 
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True,  the  trader's  motive  is  to  make  a  profit,  but  not  the  less  is 
his  raison  deire  as  a  trader  to  minister  to  the  wants  of  others. 
He  must  have  his  profit  or  he  will  cease  to  trade;  but  his  profit, 
though  an  incident  of  the  good  resulting  from  his  office,  is  not  the 
measure  of  it;  that  consists  in  the  benefit  he  confers  on  the 
community  whose  servant  he  is,  and  this  benefit  is  great  in  pro- 
portion to  his  success  in  serving  the  consumer,  in  other  words,  in 
cheapening  the  commodities,  in  diminishing  the  obstacles  that 
exist  to  the  satis&u^tion  of  human  wants.  Nothing  can  betray  a 
more  profound  misconception  of  the  true  nature  of  trade  and  the 
purpose  for  which  it  exists,  than  to  represent  the  advantages 
derivable  from  it  as  measured  by  the  profits  of  the  agents  who 
carry  it  on.  It  would  be  just  as  reasonable  to  represent  the 
advantages  of  learning  as  measured  by  the  salaries  of  the  teachers." 

The  teaching  of  Professor  Cairnes  is  in  complete  harmony  with 
that  of  Adam  Smith,  who  tells  us  that  '*  consumption  is  the  sole 
end  and  purpose  of  all  production;  and  the  interest  of  the 
producer  ought  to  be  attended  to  only  so  far  as  it  may  be  necessary 
for  promoting  that  of  the  consumer.''  These  are  principles  to  be 
kept  constantly  before  us  when  considering  a  nation's  trade  from 
the  imperial  point  of  view,  and  yet  we  find  one  of  the  most  energetic 
of  the  Royal  Commissioners,  in  direct  opposition  to  Cairnes  and 
Adam  Smith,  recording  as  his  opinion  that  "  it  is  the  first  duty 
which  a  State  owes  to  its  citizens  to  protect  their  industries  from 
invasion,  and  that  a  government  which  confesses  its  impotence  or 
professes  its  reluctance  to  fulfill  that  duty,  abdicates  one  of  its 
primary  functions."  Here  is  a  fundamental  question  treated  in 
quite  antagonistic  fashion  by  different  members  of  the  Koyal 
Commission.  When  the  State  interferes  in  the  affairs  of  trade 
and  commerce  shall  it  be  in  the  interest  of  the  consumer  or  the 
producer  ?  Adam  Smith  and  the  economists  say  in  the  interest 
of  the  consumer  alone.  Nay,  say  the  reactionaries,  you  must 
protect  the  industries  of  the  country  by  legislating  in  support  of 
the  producer. 

But,  how  are  we  to  deal  with  the  question — Has  there,  or  has 
there  not,  been  in  recent  years  a  diminution  in  the  profits  of  the 
nation  as  a  whole?  It  is  to  be  done  by  inquiring  whether  the 
aggregate  of  national  wealth  has  been  increasing  or  diminishing ; 
whether  the  aggregate  or  volume  of  trade  has  been  increasing  or 
diminishing.  In  the  consideration  of  these  questions  we  must, 
as  I  have  already  said,  exclude  altogether  the  idea  of  money, 
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which  from  the  national  point  of  view  is  merely  an  intermediary. 
The  money  Value  of  commodities  is  of  the  utmost  importance  in 
relation  to  the  transactions  of  individuals,  and  I  shall  have 
occasion  before  I  conclude  to  refer  to  and  emphasise  the  fact ;  but 
in  looking,  as  I  am  now  doing,  to  the  interests  of  the  nation  as  a 
whole  it  may  be  altogether  excluded.  Whether,  then,  with 
Professor  Fawcett,  we  define  national  wealth  to  comprise  "  every 
commodity  which  has  an  exchange  value,''  or  seek  for  some  more 
perfect  definition,  it  is  the  increase  or  diminution  of  this  wealth  in 
the  aggregate,  which  marks  the  increase  or  diminution  of  the 
gains  of  the  nation.  And  in  the  same  way  as  regards  the  trade 
of  the  nation,  it  is  the  increase  or  diminution  of  its  volume,  which 
we  must  look  to,  and  not  to  the  increase  or  diminution  of  its 
value  expressed  in  money. 

The  answers  to  these  questions,  as  now  explained,  will  be  found 
in  the  Report  of  the  Royal  Commissioners,  not,  indeed,  in 
categorical  form,  nor  yet  with  all  the  importance  assigned  to  them 
which  they  deserve,  but  still  brought  out  with  sufficient  clearness 
and  precision.  They  report  "  a  general  agreement  among  those 
they  have  consulted  that  neither  the  volume  of  trade  nor  the 
amount  of  capital  invested  therein,  has  materially  fallen  off." 
This  is  extracted  from  the  main  Report  (clause  27)  which  I  have 
ventured  to  think  is  characterised  by  the  tame  neutrality  of  a 
compromise.  Individual  Commissioners  pronounce  on  the  point 
with  greater  emphasis,  one  declaring  that  the  figures  presented  to 
them  "illustrate  clearly  and  prove  conclusively  the  ccnUiinued 
growth  of  the  trade  of  this  country  in  volume,  and  its  activity.'* 

I  have  been  thus  particular  in  raising  the  question  whether  the 
depression  arises  from  decay  in  the  wealth  and  trade  of  tlie 
country  as  a  whole,  or  from  some  other  causes ;  because,  until  so 
important  a  question  has  been  settled,  any  attempt  to  "  alleviate 
the  position  by  legislative  or  other  measures"  might  not  improbably, 
through  ignorance,  do  more  harm  than  good.  I  now  assume  it  to 
be  the  fact  that,  whether  the  rate  of  progress  in  increasing  wealth 
be  as  rapid  as  formerly  or  not,  progress  to  some  extent  continues 
to  be  made,  and  that  there  is  no  such  falling-off  in  the  rate  of 
progress  as  to  account  for  the  depression  in  trade  which  has  been 
so  generally  complained  of  in  recent  years.  Had  the  conclusion 
pointed  in  the  other  direction,  had  it  been  shown  that  the  volume 
of  trade  and  the  wealth  of  the  nation  had  been  falling  off,  a  different 
problem  would  have  been  set  before  us,  and  one  probably  much 


Mr.  C.  Gairdkbr  on  Report  on  Depression  of  Trade,    139 

more  difficult  to  solve.  As  it  is  we  may,  I  believe,  confidently 
assume  that  the  wealth  of  the  country,  as  a  whole,  is  being  main- 
tained and  increased ;  and  that  being  so,  we  must  look  within  the 
limits  of  the  nation  itself  for  the  causes  of  the  disturbance  and  for 
the  remedies,  if  any,  to  be  applied. 

It  will  be  impossible  for  me  within  the  time  to  which  I  must 
restrict  myself  to  present,  except  in  the  most  cursory  manner,  the 
different  causes  which,  in  the  opinion  of  the  witnesses  examined 
by  the  Commissioners,  have  contributed  to  bring  about  the  state 
of  things  complained  of.     I  am  anxious,  however,  to  enumerate 
them,  because  I  believe  they  will  be  found  to  suggest  several 
subjects  of  interest  suitable  for  discussion  at  meetings  of  the  Section. 
The  first  in  order,  as  reported  by  the  Commissioners,  is  Over- 
production.    This,  as  a  reason  assigned  for  depression  in  trade,  is 
perhaps  the  most  ordinary  and  frequent.       If  you  happen  to  meet 
a  trader  whose  trade  is  depressed,  and  ask  him  what  is  wrong, 
there  are  ten  chances  to  one  he  will  tell  you  there  is  over-production. 
Most  probably  he  will  say  that  he  can't  get  cost  price  for  his  goods, 
and  from  this  fact  he  draws  the  inference  that  there  is  over- 
production.    Yet  it  may  be  that  there  is  no  over-production  what- 
ever in  the  true  sense  of  the  term,  that  is  to  say,  production  in 
excess  of  the  consumptive  power  of  the  world.     What  he  really 
means  is  over-production  at  a  particular  price,  which  is  quite  a 
different  matter.   This  is,  and  is  likely  to  continue  to  be,  an  ordinary 
incident  of  every  trade,  and  the  remedy  may  come,  either  through 
diminished  production  or  through  diminished  cost  of  production. 
In  the  case  of  commodities  which  are  consumed  within  the  year, 
and  are  again   reproduced   with    next    season's    crop,   there   is 
usually  a  fairly  rapid  adjustment  of  supply  to  demand.     In  less 
perishable  commodities,  again — those,  for  example,  which   have 
been   called    "instrumental " — such    as    iron,    machinery,   ships, 
and   the   like,   which   do  not  depend  on   the   harvest  of   each 
year,    over-production    at    a    particular    price,   when    it    arises 
may  be  expected  to  take  longer  to  return  to  the  equilibrium 
which  allows  the  trader  or  producer  his  steady  profit.     The  essential 
cause  of  the  loss  in  such  cases,  regarded  from  a  general  point  of 
view,  is  not  over-production  but  disproportionate  production,  and 
the  loss  sustained  by  the  producer  or  seller  is,  though  not  wholly, 
to  a  large  extent  compensated  by  the  gain  to  other  sections  of 
the  people.     This  disproportionate  production  is  a  familiar  incident 
in  business,  and  is  responsible  for  many  fluctuations  in  prices,  but 
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it  is  quite  inadequate  to  explain  a  general  or  universal  fall  in 
prices ;  and  there  is  no  reason  to  doubt  that,  notwithstanding  the 
complications  and  serious  sacrifices  which  it  entails  on  individuals, 
it  will  best  adjust  itself  in  the  future  as  in  the  past,  by  being  left 
in  the  hands  of  those  chiefly  concerned  with  it,  uncontrolled  by 
state  interference.  As  regards  over-production  in  the  abstract,  it 
is,  perhaps,  enough  to  say  with  Professor  Fawcett,  "no  doubt  it  is 
possible,  as  a  hypothesis,  to  suppose  that  a  greater  quantity  of  all 
commodities  may  be  produced  than  people  really  want,  but  such 
an  over-production  has  never  taken  place  in  the  past,  and  is  never 
likely  to  occur  in  the  future." 

The  second  alleged  cause  of  depression  deduced  by  the  Com- 
missioners from  the  evidence  taken  by  them  is — "  The  continuous 
fall  of  prices  caused  by  an  Appreciation  of  the  Standard  of  Value." 
This  important  branch  of  inquiry,  however,  has,  at  the  request  of 
the  Commission,  been  remitted  to  a  separate  Koyal  Commission 
specially  appointed  for  the  purpose.  It  has,  therefore,  been  passed 
by  without  investigation  or  serious  remark,  and  I  defer  for  the 
present  my  observations  upon  it. 

The  third  cause  relates  to  the  effect  of  Foreign  Tariff  and 
Bounties,  and  to  the  restrictive  commercial  policy  of  foreign 
countries  in  limiting  our  markets.  The  influence,  both  direct  and 
consequential,  exercised  by  hostile  tariffs,  and  the  best  mode  of 
meeting  trade  obstructions  of  this  description,  have  acquired  new 
interest  in  recent  times  by  the  extent  to  which  the  Bounty  system 
is  carried,  especially  in  the  sugar  trade.  This  presents  an  attrac- 
tive field  of  inquiry,  and  creates  the  best  opportunities  for  the 
convinced  Fair  Trader.  He  will  find  allies  on  the  Royal  Com- 
mission who  have  done  their  best  to  provide  him  with  arguments, 
and  I  will  only  say  to-night  that  I  hope  the  subject  will  be  freely 
debated  until  conclusions  clear  and  sound  in  regard  to  it  have  been 
evolved  by  discussion  and  adopted  by  the  Section. 

The  fourth  cause  is  Foreign  Competition.  This  raises  the 
question  of  how  far  we  are  falling  behind  our  neighbours  in 
competing  in  the  markets  of  the  world.  Special  mention  is  made 
of  Germany  as  taking  precedence  of  us  in  certain  quarters,  and  it 
is  plainly  stated  by  the  Commissioners  that  they  are  impressed 
with  the  fact  that  there  is  some  "  falling  off  among  the  trading 
classes  of  this  country  from  the  more  energetic  practice  of  foimer 
periods "  (76).  This  is  a  suggestion  of  considerable  value  which 
ought  to  be  turned  to  account. 
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Under  the  fifth  cause  we  have  *'  Increase  in  Local  Taxation  and 
the  burdens  on  Industry  generally/'  Some  of  the  questions  which 
may  be  classed  under  this  head  are  well  to  the  front  for  early 
treatment  by  the  legislature,  and  will  probably  receive  recognition 
when  Parliament  finds  time  to  deal  with  Local  Government.  The 
incidence  of  Taxation  as  between  Capital  and  Labour,  as  between 
the  small  capitalist  and  the  larger  one,  and  generally  the  least 
inconvenient  modes  of  raising  the  necessary  funds  for  Imperial  and 
Local  purposes,  are  full  of  that  kind  of  interest  which  begins  at 
home,  and  present  many  points  requiring  discussion. 

There  remain,  sixthly,  the  cheaper  Rates  of  Carriage  enjoyed  by 
our  neighbours,  suggesting  for  consideration  the  readjustment  of 
railway  rates,  and  the  advantages  or  disadvantages  of  railways 
being  taken  over  by  the  State.  Seventhly,  Legislation  affecting 
the  employment  of  Labour,  on  which  I  shall  have  a  few  words 
presently  to  say;  and  eighthly,  superior  Technical  Education  of 
workmen  in  foreign  countries.  This  last  has  of  late  begun  to 
attract  public  attention,  and  it  is  to  be  earnestly  hoped  that  it 
will  not  be  allowed  to  rest  until  in  every  mercantile  and  manu- 
&icturing  community  opportunities  are  afforded  to  the  youth  of 
the  country  of  technical  training  in  the  industrial  arts.  In  this 
respect  we  are  undoubtedly  behind  Germany  and  the  United 
States,  and  I  hope  we  may  look  forward  to  the  preparation  of 
papers  on  the  subject  which  shall  bring  out  by  comparison  our 
national  defects,  and  point  the  way  to  remedies  which  shall  be 
efficient  not  in  this  community  only  but  throughout  the  whole 
country. 

Having  thus  enumerated  the  causes  of  importance  which,  in  the 
opinion  of  the  witnesses  examined,  have  contributed  to  the  existing 
depression  of  trade,  the  Commissioners  proceed  to  discuss  them 
individually,  with  the  result  that  they  declare  they  have  "few 
definite  recommendations  to  make.''  Improved  education,  increased 
vigilance,  search  for  new  markets,  some  changes  with  regard  to 
transport  by  railways  and  canals  comprise  the  whole.  This  seems 
a  small  result  to  come  from  so  much  labour,  but  it  is  valuable  as 
showing  how  little  under  a  free  system  of  commerce  the  State  can 
do  for  us.  The  evidence  goes,  on  the  whole,  to  show  that  the 
depression  of  which  we  complain  appears  to  be  in  the  main  an 
affair  of  adjustment  between  the  various  subdivisions  of  the  great 
workshop  in  which  we  live. 

Yet,  it  is  not  quite  accurate  to  say  that  our  industrial  system  is 
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altogether  free.  We  have  Factory  Acts — legislative  enactments 
in  restraint  of  labour.  We  have  Trades*  Unions,  under  which  the 
workmen  are  by  no  means  free  to  dispose  of  their  labour  as  they 
individually  choose.  Have  these  restrictive  influences  no  bearing 
on  the  depression,  and,  if  so,  may  we  not  look  to  the  Legislature 
for  relief]  I  have  already  mentioned  that  the  Royal  Com- 
missioners had  their  attention  called  to  this  question  by  some 
of  the  witnesses,  and  the  result  of  their  inquiries  and  the  opinion 
they  have  formed  are  perhaps  the  most  gratifying  portions  of  their 
Report.  They  say  that  neither  the  restrictions  imposed  by  the 
Legislature  on  the  employment  of  labour,  nor  those  by  the  action 
of  the  wrking-classes  themselves,  have,  in  their  opinion,  materially 
affected  the  prosperity  of  the  country.  And  further,  "  with  regard 
to  the  comparative  efficiency  of  labour  carried  on  under  the 
conditions  which  prevail  in  this  country  and  foreign  countries, 
respectively,  while  there  would  appear  to  be  great  difference  of 
opinion,  those  who  have  had  personal  experience  of  both,  appear 
to  incline  to  the  view  that  the  English  workman,  notwithstanding 
his  shorter  hours  and  higher  wages,  is  to  be  preferred."  They, 
therefore,  do  not  recommend  any  legislative  measure  tending  to 
an  increase  in  the  hours  of  labour.  This  is  a  most  important 
conclusion,  and  not  more  important  than  it  is  satisfactory.  Wages 
will  no  doubt  rise  and  fall  with  changing  circumstances,  but  that 
the  shortening  of  the  labour  hoiirs  to  the  extent  which  now 
prevails,  should  have  led  to  at  least  a  corresponding  increase  of 
efficiency,  is  pure  gain  to  the  nation  as  well  as  to  the  workman. 
The  Report  goes  on  to  say — "  There  is  no  feature  in  the  situation 
which  we  have  been  called  upon  to  examine,  so  satisfactory  as  the 
immense  improvement  which  has  taken  place  in  the  condition  of 
the  working-classes  during  the  last  twenty  years.  At  the  present 
moment  there  is,  as  we  have  already  pointed  out,  a  good  deal  of 
distress  owing  to  the  want  of  regular  work,  but  there  can  be  no 
question  that  the  workman  in  this  country  is,  when  fully  employed, 
in  almost  every  respect  in  a  better  position  than  his  competitors 
in  foreign  countries,  and  we  think  that  no  diminution  in  our 
productive  capacity  has  resulted  from  this  improvement  in  his 
position.'' 

So  far,  I  have  dealt  with  the  Report  of  the  Commissioners,  and, 
although  it  is  no  part  of  my  purpose  to-night  to  present  in  any 
prominent  way  ray  own  opinions  upon  it,  yet  it  is  impossible  for 
me  not  to  point  out  that  the  object  of  the  inquiry  has  been  to  a 
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large  extent  defeated,  from  the  exclusion  by  the  Commissioners  of 
the  principal  £su;tor  in  the  problem  they  had  under  consideration. 
Before  we  can  safely  prescribe  for  a  patient  there  must  be  a 
diagnosis,  and  to  exclude  from  the  diagnosis  the  most  conspicuous 
fact  in  the  case  is  not  a  usual  or  very  promising  mode  of  proceeding. 
The  question  to  be  investigated  was  the  '*  extent,  nature,  and  pro- 
bable causes ''  of  a  derangement  in  the  industrial  machinery  of  the 
country.  One  of  the  most  refined  and  sensitive  parts  of  the 
machinery  is  money,  from  which  comes  the  element  of  price,  an 
element  which  influences  every  other  part— forming,  indeed,  the 
connecting  band  between  all  the  parts,  giving  life  and  motion  to 
each,  and  acting  as  the  adjuster  and  moderator  between  them 
when  friction  arises.  A  great  change  has  come  over  this  element 
of  price  in  recent  years,  and  much  disturbance  has  undoubtedly 
been  caused  thereby  in  the  machinery.  According  to  one  set  of 
thinkers  this  has  arisen  from  a  change  intrinsic  to  money  itself, 
whereby  prices  have  been,  in  all  probability,  permanently  forced 
down.  According  to  others  it  is  not  so;  to  them  the  change 
seems  due  to  causes  of  ordinary  occurrence.  Some  hold  it  is 
beyond  the  reach  of  legislative  action.  Others  say,  not  so,  the 
remedy  is  simple  and  easy  of  application. 

What  is  beyond  dispute  is  that  a  great  shrinkage  has  taken 
place  in  the  value  in  gold  coin  of  almost  every  kind  of  property. 
This,  perhaps,  would  be  of  small  account  if  there  were  no  such 
relations  as  debtor  and'  creditor ;  no  such  things  as  contracts, 
legal  or  conventional,  over  extended  periods,  to  pay  certain  rates 
of  annuity,  wages,  salaries,  rents.  But  for  these  everything  would 
quickly  settle  down  to  the  new  range  of  prices.  The  fact,  how- 
ever, is  fiar  otherwise.  The  relations  of  debtor  and  creditor, 
the  existence  of  protracted  pecuniary  contracts  in  one  form  or 
another,  are  in  this  country  the  rule,  rather  than  the  exception. 
The  debt  of  the  debtor  continues  to  stand  for  its  full  nominal 
amount  in  gold,  while  the  debtor's  property,  valued  in  gold, 
has  shrunk  20,  30,  40  per  cent,  as  the  case  may  be.  The  "  new 
way  of  paying  old  debts ''  is  thus  tantamount  to  an  aggravation 
of  the  debt,  and  in  some  cases  amoimts  to  a  crushing  calamity. 
This  has  been  most  conspicuously  seen  in  connection  with  land 
and  6ther  real  estate  held  under  mortgage,  and  not  in  Ireland 
only,  but  also  in  England  and  in  Scotland.  In  the  case  of  wages, 
no  doubt,  the  effect  is  different,  because  in  course  of  time  they 
ought  to,  and  indeed  must,    be  adjusted  to  the   new  value  of 
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money ;  but  here,  too,  there  is  much  friction  and  consequent  los& 
The  old  wages,  from  some  apparently  spontaneous  cause,  have 
become  endowed  with  a  higher  purchasing  power.  In  effect,  the 
terms  have  become  more  favourable  to  the  workman,  more  onerous 
to  the  employer;  but  the  change  having  sprung  from  no  act  of 
either  is  naturally  recognised  but  slowly  by  the  party  benefited. 
Thus  have  arisen  differences,  misunderstandings,  strikes.  The 
position  of  the  capitalist-employer,  exposed  on  the  one  hand  to 
depreciation  of  his  property,  and  on  the  other  to  hostile  relations 
with  his  workmen,  has  thus  been  most  harassing.  Is  it  to  be 
wondered  that  under  such  circumstances  we  have  had  depression) 
Rather  should  we  wonder  and  inquire  how  the  distress  has  not 
been  greater.  The  reason  is  not  far  to  seek ;  it  is  in  the  fact 
that  the  course  of  events  has  favoured  the  consumers,  the  wage- 
receiving  classes — in  a  word,  the  wiany, — and  that  at  the  expense 
of  the  propertied  classes,  who  are  the  few.  The  Report  of  the 
Commission  fully  establishes  this,  and  sets  forth  that  "  while  the 
general  production  of  wealth  in  the  country  has  largely  increased, 
its  distribution  has  been  undergoing  great  changes ;  that  the  result 
of  these  changes  has  been  to  give  a  larger  share  than  formerly  to 
the  consumer  and  the  labourer,  and  so  to  promote  a  more  equal 
distribution." 

The  fall  in  prices,  then,  is  to  all  appearance  the  chief  factor  in 
the  depression  of  trade,  and  it  was  surprising  to  learn,  as  we  did 
in  June  last,  that  the  Royal  Commission  appointed  twelve  months 
before  to  investigate  and  report  on  the  subject  had  resolved  to 
exclude  altogether  from  their  consideration  the  question  of  gold 
and  silver.  Yet  this  is  what  has  been  done.  A  new  Commission 
has  been  appointed  to  consider  this  particular  subject,  and  we 
must  wait  for  its  Report  before  we  shall  have  an  authoritative 
opinion  on  the  question  whether  "  legislative  or  other  means  "  can 
afford  relief.  I  have  no  intention  of  speculating  on  the  probable 
verdict,  but  it  may  be  useful  to  look  at  what  is  being  contended 
for  on  the  one  side  and  the  other. 

According  to  one  party,  of  whom  Mr.  Giffen  is  the  most 
important  member,  the  State  should  leave  the  matter  alone.  If 
this  be  done,  the  prospect  is  that,  unless  we  have  a  large  addition 
to  our  gold  supplies,  the  gradual  tendency  in  the  future,  from 
generation  to  generation,  must  be  toward  lower  prices.  This 
somewhat  gloomy  prospect,  as  it  will  be  generally  considered,  is 
qualified  by  the  assurance  that  the   progress  downwards  is  not 
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likelj  to  be  at  anything  like  the  rate  we  have  experienced  in 
the  last  ten  years.  The  fall  during  that  period  he  distinguishes 
into  what  he  calls  '*  catastrophic/'  because  of  its  originating  in 
the  adoption  of  a  gold  currency  by  certain  countries  formerly 
using  silver — a  disturbing  influence  of  an  altogether  exceptional 
nature,  not  likely  to  recur;  and  ** natural/'  arising  from  the 
supply  of  gold  from  the  mines  being  inadequate  to  maintaining 
the  old  relative  value  of  gold  to  other  commodities.  The  future 
fall  may  thus  be  very  gradual,  and  of  comparatively  little 
account. 

According  to  the  party  representing  the  other  extreme,  we  are, 
by  Act  of  Parliament,  to  restore  silver  to  its  old  importance  as 
correncyy  and  to  its  relative  value  to  gold.  That,  in  so  far  as  this 
country  is  concerned,  is,  I  apprehend,  a  proposal  to  change  our 
standard  of  value,  the  effect  of  which  would  be  a  great  and  rapid 
rise  in  prices.  Whether  or  not  such  a  scheme  is  practicable  or 
desirable  is  a  question  on  which  to-night  I  express  no  opinion.  It 
has  been  seriously  proposed  and  supported  by  men  who  ought  to 
be  listened  to,  and  who,  no  doubt,  will  be  listened  to  by  the  new 
Commissioners.  The  issues  involved  are,  indeed,  far-reaching, 
and  I  commend  them  to  the  consideration  of  the  Economic  Science 
Section,  assured  that  both  sides  will  receive  careful  exposition, 
and  be  subjected  to  all  the  criticism  their  importance  deserves. 

The  Report  of  the  Koyal  Commission  is  chiefly  valuable  for  the 
evidence  which  has  been  collected.  In  itself  it  is  inconclusive  and 
disappointing,  and  this  feeling  is  mingled  with  regret  that  it 
should  be  the  last  Parliamentary  work  of  a  statesman  who,  more 
than  any  other  of  his  time,  had  secured,  as  the  reward  of  a  life- 
time spent  in  the  service  of  his  country,  the  afiectionate  r^ard 
of  both  the  great  parties  in  the  State. 
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XIII. — The  Aboriginal  AiistrcUian,  as  he  was.    By  Arthur  Kay. 


[Read  before  the  Society,  2nd  February,  1887.] 


To  have  been  once  wild  is  no  disgrace.  In  Australia  we  can  see 
what  our  forefathers  may  have  sprang  from.  A  tme  child  of 
nature,  the  Aboriginal  is  the  novelty  for  travellers  in  our  greatest 
colony  to  study.  If  we  only  could  write  his  history,  and  tell 
whence  he  and  his  language  came,  had  wo  but  a  full  record  of  his 
traditions  and  myths,  what  a  grand  second,  mayhap  first,  chapter 
they  might  make  for  "  A  History  of  Man."  Yesterday,  he  and 
his  fellows  ran  wild  over  a  great  continent ;  to-day,  unless  beyond 
the  confines  of  civilization,  they  wander  tame  and  rare  over  their 
scanty  hunting  lands. 

The  sketch  to  be  laid  before  you  this  evening  does  not  lay  claim 
to  any  accuracy  of  system  in  treating  of  the  Aborigines,  nor  does  it 
enter  into  details  as  to  the  names  and  districts  of  the  tribes  whose 
habits  are  described.  They  have  general  habits,  cast  of  feature, 
and  language,  in  common,  but  there  the  sameness  ceases.  You  will 
understand,  then,  that  when  some  strange  custom  is  mentioned,  in 
all  likelihood  it  belongs  to  a  few  tribes  and  is  not  general  throughout 
the  continent. 

Travellers  difier  in  their  tales  of  the  colour  and  form  of  the 
Australians.  One  g^ves  them  coal-black  skins,  bottle-noses,  spider- 
legs,  and  ferocious  countenances ;  another  makes  them  models  of 
symmetry,  with  their  colour  a  touch  of  brown,  scarce  dark  enough 
to  hide  a  blush ;  while  the  greater  number  look  upon  them  merely 
as  ''  blacks,''  having  a  conformation  like  that  of  the  pure  African 
negro.  The  fact  is,  Australia  is  a  large  continent,  and  few  travellers 
have  seen  and  known  all  the  varieties  of  the  Aborigines,  who  difier 
about  as  much  in  stature,  bulk,  and  colour,  as  Britons,  Germans, 
French,  and  Italians.  When  well  fed  they  are  tall,  stout,  and  well 
developed ;  but  those  dwelling  in  desert  tracts,  where  large  game 
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are  tkin,  spvier-liMlwd^  and  fawnJir  spoakiii^  ^  poor 
spedaneaB' — as  anlike  as^  Torkslure  fiunwr  aad  ike  prorwrliial 
poor  cmrnteL  TKb  wcU-led  omm^  wken  in  Umut  priBCi^  are  sjoh 
metrieal,  and  show  good  maacniar  der^lopoMiit.  Tlwr  all  gfow 
coarse  bosh jr  beazdaL 

Some  New  Soaik  Waks  tribes  coDstder  a  man^s  best  point  to  be 
the  possesBMn  of  shins  which  are  rerr  coQcare  forwards^  A  man 
whose  shins  are  eonTex  forwards  b  ridictiled  bjr  his  fellow  blacks; 
especiaUj  bj  the  women,  who  saj  '*  legs  all  same  boomerang."' 
The  women  do  not  matdi  the  men  in  looks,  and  cannot  compare 
with  joong  African  girls.  In  old  age  thej  are  hideous  hags,  with 
faces  like  parchm«it-coTered  sknll&  This  is  owing  rerr  much  to 
the  hard  life  thej  lead.  Wires  are  the  camels  of  Aboriginal 
Australia,  but  get  less  kindl  v  treatment  than  those  useful  beasts  of 
burden.  An  anecdote  tells  us  that  some  natires  who,  for  the  first 
time,  saw  oxen  drawing  a  wagon,  wondered  what  these  animals 
mi^t  be;  some  held  that  they  were  spirits,  but  the  majority 
that  they  were  the  white  men's  wives,  because  they  carried  the 
burdens. 

This  strange  race  has  its  myths.  These  form  the  primitive  Old 
Testament  of  the  Aborigine,  and  may  seem  to  you  frivolous  ami 
hardly  worthy  of  notice — a  mere  garbled  account  of  early  missionary 
teaching;  but,  in  truth,  there  is  little  reason  to  doubt  them. 
Most  probably,  with  one  exception,  they  are  ancient  as  the  Aborigine 
himself. 

Pund-jel,  or  Bun-jil,  created  all  things,  save  women.  Pund-jel 
has  a  wife,  Boi-boi,  whose  face  he  never  looked  upon  ;  yet  was  a 
son,  Bin-beal,  bom  to  him.  He  had  also  a  brother,  Pal-ly-yan. 
Pund-jel  always  carried  a  great  knife,  with  which  he  went  over 
the  earth,  and  cut  it  up  into  creeks  and  rivers,  mountains  and 
valleys.  He  had  also  an  instrument,  named  BeiTang;  with  this  he 
could  open  anything,  and  no  one  knew  how  he  had  entered. 
Pund-jel  fashioned  two  male  blacks.  With  his  great  knife  he  cut 
three  big  sheets  of  bark,  on  one  of  which  he  put  some  clay,  and 
kneaded  it;  when  the  clay  was  soft,  he  took  part  to  one  of  the  other 
pieces  of  bark,  and  began  to  shape  it  into  a  man,  making  the  feet 
first,  and  the  head  last.  He  made  another  man  on  the  third  piece 
of  bark.  Being  well  pleased  with  his  work,  ho  gazed  at  tho  men  for 
some  time,  and  then  danced  reund  about  them.  He  next  took 
some  stringy  bark,  and  having  made  hair  of  it,  placed  it  on  their 
heads;  to  one  man  he  gave  curly  hair,  to  the  other  straight. 
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Pund-jel  again  gazed  on  his  work,  right  pleased,  and  again  danced 
round  the  men;  the  one  with  straight  hair  he  called  Ber-rook-boom, 
the  one  with  curly  hair  Koo-kin-berrook.  He  then  lay  upon  each 
of  them,  and  blew  his  breath  into  their  mouths  and  nostrils,  and 
breathing  very  hard  they  moved ;  yet  a  thiixl  time  he  danced 
round  about  them,  then  he  made  them  speak  and  stand  up,  and 
they  appeared  as  full-grown  young  men,  not  like  children.  But  they 
were  wifeless  waifs.  Pal-ly-yan,  said  to  be  a  brother,  sometimes 
a  son  of  Pund-jel,  is  god  of  the  waters;  rivers,  creeks,  lagoons,  and 
likewise  the  great  sea,  obey  him.  All  creatures  that  dwell  in  the 
depths  or  the  shallows  are  under  him ;  his  chief  joy  is  to  splash 
about  the  shallows,  or  dive  in  the  deepest  depths.  One  day  he 
was  gambolling  in  a  deep  water-hole,  he  thumped  and  threshed 
the  water  with  his  hands,  even  as  the  women  beat  the  skins  when 
men  dance  the  corrobboree ;  the  water  became  as  mud,  and 
Pal-ly-yan  could  not  see.  Dividing  the  thick  waters  with  a  bough, 
he  beheld  what  seemed  to  be  hands,  such  as  Pund-jel  had  given 
to  the  men  he  had  created ;  and  then  there  appeared  two  heads, 
such  as  Pund-jel  had  given  to  the  men,  then  bodies,  and  finally 
two  creatures,  like  Mon-mon-deek,  young  women.  He  brought  them 
to  show  to  Pund-jel,  who  gave  to  each  man  a  woman  and  a  spear ; 
and  Pal-ly-yan  gave  to  each  woman  a  digging  stick,  and  told  them 
and  the  men  to  live  together.  Pund-jel  and  Pal-ly-yan  tarried 
with  the  blacks  for  three  days,  teaching  the  men  hunting,  and 
the  women  how  to  dig  roots ;  on  the  third  day  there  came  a  great 
storm,  and  the  whirlwind  and  the  great  storm  bore  Pund-jel  and 
Pal-ly-yan  upwards,  far  away,  and  the  blacks  saw  the  gods  no 
more. 

The  Dieyerie  tribe  tradition  is  as  follows: — The  Moora-moora 
(good  spirit)  created  a  number  of  small  black  lizards,  and  being 
pleased  with  them  he  promised  them  power  over  all  other  creeping 
things.  He  then  divided  their  feet  into  toes  and  fingers,  and 
placing  his  forefinger  on  the  centre  of  the  face,  created  a  nose ;  and 
so  in  like  manner  afterwards,  eyes,  mouth,  and  ears.  The  Moora- 
moora  then  placed  one  of  them  in  a  standing  position,  this  it  could 
not  retain,  so  the  Deity  cut  off  the  tail  and  the  lizard  walked  erect. 
They  were  then  made  male  and  female  so  as  to  perpetuate  the 
race. 

The  Murray  Aborigines  have  an  account  of  how  death  came 
into  the  world,  but  it  seems  so  probable  that  the  story  has  filtered 
through  some  missionary,  that  it  is  best  passed  over. 
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Another  legend  tells  how  Pund-jel  became  wroth  with  the 
peoples  of  the  earth  for  their  wickedness,  and  scattered  them 
hither  and  thither.  A  Western  Australian  legend  says  there  were 
first  two  beings,  male  and  female ;  they  had  a  son  who  got  a  deadly 
wound  which  his  parents  could  not  heal,  whereupon  the  first  man 
vowed  that  all  who  came  after  him  should  die  in  like  manner  eis 
his  son  died.  The  story  goes  on  to  say  that,  although  dead  and  in 
his  grave,  the  son  did  not  stay  there,  but  rose  and  went  to  the 
west,  to  the  great  unknown  land  of  spirits  beyond  the  sea;  his 
parents  followed,  and  not  being  able  to  persuade  him  to  come  back, 
they  abode  there  with  him. 

The  Lake  Tyers  tribes  relate  how  once  there  was  no  water  any- 
where on  the  face  of  the  earth,  all  was  in  the  body  of  a  huge  frog, 
and  mankind  could  get  none.  A  council  was  held,  and  it  was  agreed 
that  if  the  frog  could  be  made  to  laugh  the  waters  would  run  out 
of  his  mouth,  and  there  would  be  plenty  in  all  parts.  Several 
animals  danced  and  capered  before  him,  but  he  remained  as  solemn 
and  stupid  as  any  ordinaiy  frog,  even  though  their  gestures  were 
enough  to  make  mirth  anywhere.  All  the  animals  tried,  and  failed. 
At  length  the  eel  began  to  dance  on  his  tail,  and  the  frog's  jaws 
opened,  he  smiled,  he  laughed  out,  and  the  waters  came  forth  from 
his  mouth,  and  there  was  a  flood.  Many  perished  in  the  waters. 
The  Pelican,  who  before  the  flood  was  a  black  fellow,  resolved  to 
save  the  black  people ;  he  made  a  great  canoe,  and  sailed  among  the 
islands  which  rose  here  and  there  out  of  the  wide  waters,  and 
taking  the  people  into  his  canoe,  kept  them  aUve. 

A  most  curious  superstition,  and  one  pointing  to  the  antiquity 
of  the  Australian  Aborigines,  is  that  relating  to  the  kidney  fat. 
Of  old,  idolaters  offered  the  fat  from  the  loins  and  the  kidney  fat 
of  human  victims  as  a  pleasing  gift  to  the  gods.  The  Jews  offered 
the  same  part  of  animals  typically.  (Leviticus  iii.  3-4.)  Among  the 
ancient  Greeks — "the  fat  of  victims  which  his  friends  bestow." 
(Virgil,  -^n.,  b.  vi.,  121-2.)  When  alone,  and  far  from  the  camping 
ground  of  his  tribe,  the  Aborigine  believes  himself  in  danger  of 
losing  his  kidney  fat  by  the  spirit  of  some  wild  black. 

The  Australian  is  often  unwilling  to  give  his  real  name,  no 
doubt  owing  to  the  fear  that  through  it  some  sorcerer  might  harm 
him.  The  Tasmanians  dreaded  any  mention  of  their  names.  From 
early  ages  many  nations  have  held  the  name  to  be  a  vital  part  of 
the  very  being  of  its  bearer,  and  sorcerers  have  used  it,  so  that  by 
incantations  they  might  transfer  the  personality  of  their  victim 
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place.  Tasmania  does  not  seem  to  have  been  peopled  prior  to  the 
land  connection  between  it  and  Australia.  During  the  Pleistocene 
period,  when  it  formed  part  of  the  continent,  huge  mammals  existed 
in  the  forests  and  plains.  These  probably  became  extinct  before  the 
southern  districts  were  peopled.  At  any  rate,  no  vestige  of  native 
art  has  been  found  associated  with  their  well-nigh  unaltered 
bones.  Still,  as  already  indicated,  if  a  people  so  low  in  condition 
as  the  Tasmanians  had  co-existed  with  the  great  mammals,  any 
trace  of  their  wanderings  would  have  been  hard  to  find. 

The  physical  characteristics  of  the  Tasmanians  are  against  any 
theory  that  connects  them  with  the  present  continental  tribes. 
If  the  island  was  peopled  from  Australia,  the  continental  race  at 
that  time  must  have  been  Tasmanian  in  language  and  conforma- 
tion. This  would  drive  us  to  the  conclusion  that  the  race  now 
found  on  the  continent  is  intrusive.  Dr.  Latham  proposes  that 
the  stream  of  population  for  Tasmania  flowed  round  Australia, 
not  across,  and  gives  as  reason  that  Tasmania  and  Kew  Caledonia 
have  stronger  affinities  in  language  than  Tasmania  and  Australia. 

Ko  man  has  yet  proved  the  origin  of  the  Australian  race.  The 
physical  geography  of  the  area  might  suggest  that  the  continent 
was  peopled  from  Timor;  and  the  occurrence  of  Australian  words 
in  the  dialects  of  Ombay  and  Timbora  strengthens  this  suggestion. 
More  probably  a  race  came  across  Torres  Straits.  If  so,  it  is  fair 
to  assume  that  there  would  be  two  great  streams  from  the 
Northern  Feninsala.  One  might  make  for  the  south-east  shore 
of  the  Gulf  of  Carpentaria,  and  there  divide,  a  section  wandering 
westwards  and  southwards  towards  Western  Australia,  and 
thence  to  King  George's  Sound;  the  other  taking  along  the  course 
of  the  rivers  that  flow  towards  Cooper's  Creek  and  the  Darling. 
The  second  great  stream  would  go  down  the  east  coast,  westwards, 
and  may  in  time  have  reached  Gippsland.  The  dialect  of  the 
lower  Murray  tribes  resembles  that  of  the  natives  north  of  the 
Darling.  The  Western  Australian  natives  have  weapons  like 
those  used  in  the  north-west.  They  seem  to  have  only  one  kind 
of  shield,  such  as  is  found  in  Queensland,  but  quite  unlike  that 
used  in  the  south,  and  they  use  spears  like  those  of  the  north 
coast  people.  The  people  of  Queensland  and  the  Perth  tribes 
ornament  the  wooden  part  of  their  adzes  with  the  same  peculiar 
longitudinal  grooves.  If  the  local  names  used  by  the  blacks 
were  carefully  preserved  and  studied,  they  might  become  very 
valuable  sources  of  information. 
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There  are  maii j  cvnoos  dunctensdcs  wiiidi  the  AuKnJi«n& 
lave  in  ooamwoi  i^ith  other  rftce&  A  child  s  first  nuoe  depends 
xtrw  often  on  some  incidait  at  its  birth,  such  as  a  kanj:[aro6  or  other 
uumal  pasEizkg  suddenly,  or  the  birth  happening  at  some  landmark^ 
or  under  some  particular  species  of  tree.  In  Genesis  xxr.  mv 
have  '^  And  Leah  said,  a  troop  cometh,  and  she  called  his  name 
Gad.''  A  like  custom  is  followed  bv  the  Bedouins.  Kaffir 
children  often  get  their  names  in  the  same  way.  Panda«  King  of 
the  Zulus,  was  really  U-mpande,  a  name  derived  from  Impande* 
a  kind  of  root.  The  Australian's  objection  to  tell  strangers  his 
name  has  been  referred  to:  the  Kaffir  shows  a  like  reluctance. 

In  South-Westem  Australia  certain  shining  stones  or  crystals, 
called  Tejl,  are  held  in  great  veneration.  Only  priests  and 
Boroerers  dare  handle  them,  and  an  unqualified  man  cannot  l)0 
persuaded  to  touch  them.  This  word  in  sound  and  meaning 
strangely  resembles  the  Baetyli  mentioneii  in  the  following 
extract  frcnn  Bunier*s  Oriental  Customs : — **  *  And  Jacob  rose 
up  early  in  the  morning,  and  took  tlie  stone  that  he  had  put 
for  his  pillow,  and  set  it  up  for  a  pillar,  and  poured  oil  upon 
the  top  of  it,  and  he  called  the  name  of  that  place  Bethel/ 
(Gen.  xxviiL  18.)  From  this  conduct  of  Jacob,  and  this  Hebrew 
appellation,  the  learned  Bochart,  with  great  ingenuity  and  reason, 
insists  that  the  name  and  veneration  of  the  sacred  stones  called 
Baetyli,  so  celebrated  in  Pagan  antiquity,  were  derived.  These 
Baetyli  were  stones  of  a  round  form  ;  they  were  supposed  to  be 
animated  by  means  of  magical  incantations  with  a  portion  of  the 
Deity ;  they  were  consulted  on  occasions  of  great  and  pressing 
emergency  as  a  kind  of  divine  oracle,  and  were  suspended  either 
round  the  neck,  or  some  other  part  of  the  body."  In  Victoria 
Mr.  A.  W.  Howitt  obtained  a  magic  stone  from  an  old  man ;  it 
is  egg-shaped,  and  weighs  27  ounces.  Being  thickly  covered  witli 
oxide  of  iron,  its  composition  cannot  be  ascertained  witliout  break- 
ing it.  The  natives  called  it  Bulk,  and  their  sorcerers  valued  it 
very  highly.* 


•  In  Threlkeld's  vocabulary  the  following  extract  uccu is  : — **  Mur-ra-mai: 
The  name  of  a  round  ball,  about  thu  size  of  a  cricket  ball,  wliich  the 
Aborigines  carry  on  a  small  net  suspended  from  their  girdles  of  opossum 
yam.  The  women  may  not  see  the  interior  of  the  Imll.  It  is  used  as  a 
talisman  against  sickness,  and  is  sent  from  tribe  to  trilje  for  hundroils  of 
miles  on  the  sea  coast  and  in  the  interior.  One  is  now  here  from  Moroton 
Bay,  the  interior  of  which  a  black  showed  me  privately  in  my  study, 
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Mit4!ihcJI  aj8 : — *'  In  tJieir  ginileB  tlie  Men,  and  especudly  their 
Koradjees  or  pnestB,  freqpentl j  cany  crjstak  of  qnaiti^  or  oUier 
shining  stones,  which  thej  hold  in  high  esttTnation,  and  are  T&ry 
unwilling  to  show  to  an j  one,  invanaUj  taking  care  whoi  they 
do  unfold  them  that  no  woman  shall  see  them.^ 

In  Australia  the  modier-in4aw  dare  not  look  upon  her  present 
or  future  8on4n-law,  and  the  son-in-law  hides  himself  if  he  chances 
to  see  his  mother-in4aw  coming  his  way.  A  Kaffir  coTers  his 
eyes  and  shuns  his  wife's  mother,  and  the  like  strange  fear  of 
meeting  or  seeing  a  mother-in-law  has  been  noticed  in  South 
America,  in  Araucania,  and  amongst  savages  in  other  parts  of 
the  globe — and  even  in  Britain  in  the  ninete^ith  century.  This 
practice  is  also  prevalent  in  many  parts  of  Polynesia. 

The  custom  of  ordeal  by  combat  prevailed  among  the  Austral- 
ians. In  England  even,  judidal  combat  only  became  strictly 
illegal  when  the  law  was  struck  out  of  the  statute  book  in 
1819. 

We  now  come  to  the  initiation  ceremonies  which  young  men 
have  to  undergo  when  they  come  of  age.  These  vary  very  much 
with  the  districts  in  which  tbey  take  place.  The  Victorian  youth 
had  merely  to  endure  a  few  grotesque  and  painless  follies;  but  in 
other  parts  the  ordeal  was  so  severe  that  it  frequently  destroyed 
those  who  were  not  of  the  most  robust  health ;  and  the  lad  who 
showed  any  sign  of  fear  was  either  murdered  or  disgraced  for  life 
and  put  to  work  with  the  women.  Women  might  not  behold 
these  savage  scenes,  and  their  intrusion   was  visited  with  the 
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penalty  of  death. 

In  those  parts  of  Africa  where  similar  rites  prevail,  the  fetish 
man  blows  a  whistle  made  of  hollowed  mangrove  wood,  probably 
as  a  signal  for  the  uninitiated  and  the  women  to  keep  away,  just 


betraying  considorable  anxiety  lest  anyone  shonld  see  its  contents.  After 
unrolliog  many  yards  of  woollen  cord,  made  from  opossnm  for,  the  conteots 
proved  to  be  a  qnartz-like  substance  of  the  size  of  a  pigeon's  egg.  He 
allowed  me  to  break  it  and  retain  a  part.  It  is  transparent,  like  white 
sugar-candy.  They  swallow  the  small  crystallized  particles  which  crumble 
off  as  a  preveutive  of  sickness.  It  scratches  glass,  and  does  not  effervesce 
with  acids.  From  another  specimen  the  stone  appears  to  be  agate,  of  a 
milky  hue,  semi-pellucid,  and  strikes  fire.  The  vein  from  which  it  appears 
to  be  broken  off  is  one  inch  and  a  quarter  thick.  A  third  specimen  con- 
tains a  poi-tion  of  carnelian  partially  crystallized,  a  fragment  of  chalcedony, 
and  a  fragment  of  a  crystal  of  white  quartz. " 
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as  the  Witarna''^  is  used  in  Australia.  The  natives  put  every 
obstacle  in  the  way  of  Europeans  wishful  to  see  these  rites.  An 
Australian  poet  says: — 

*'  Not  ours  the  wisdom  or  the  light 
To  shadow  forth  that  solemn  rite ; 
Nor  what  the  word,  nor  what  the  way, 
That  moulds  a  man  from  boyish  clay." 

When  the  hair  on  a  youth's  face  deserves  to  be  called  beard,  he 
is  made  Narumbe,  Kaingani,  or  young  man,  in  order  that  he 
may  be  considered  an  equal  by  the  men  of  his  own  tribe;  numerous 
representatives  of  other  tribes  must  attend  the  ceremony.  The 
main  object  of  this  custom  is  to  prevent  any  tribe  admitting 
among  the  men  those  who  are  not  really  of  age,  and  thus  too 
rapidly  increasing  their  supply  of  marriageable  males.  This  is  a 
very  important  consideration  in  a  country  where  each  tribe  has  to 
obtain  women  from  an  adjacent  one.  For  no  man  is  allowed  to 
choose  a  wife,  except  from  outside  his  own  tribe,  all  members  of 
which  are  looked  upon  as  being  of  one  family. 

As  a  rule  two  youths  are  made  Elaingani  together,  in  order  that 
they  may  afterwards  help  each  other  when  they  are  Karumbe. 
Suddenly,  at  night,  the  men  seize  and  take  them  some  distance 
from  the  wurley,  the  women  all  the  while  attempting,  or  pretend- 
ing, to  save  the  lads.  The  victims  are  then  stripped;  their 
moustaches  and  beards  are  plucked  out,  and  a  spear  point  serves 
to  tear  out  their  matted  hair.  From  top  to  toe  they  are  smeared 
with  oil  and  red  ochre.  During  three  days  and  three  nights  a 
strict  watch  is  kept  over  the  Kaingani;  they  dare  not  eat  or  sleep, 
and  may  only  drink  a  little  water  by  sucking  it  through  a  reed ; 
for  months  no  drinking  vessel  is  allowed.  The  third  day  ended 
they  are  allowed  to  sleep,  with  two  sticks  stuck  crosswise  in  the 
ground  for  a  pillow.  During  six  months  they  must  walk  naked, 
and  the  ceremony  generally  takes  place  in  winter.  The  state  of 
Narumbe  lasts  until  their  beards  have  twice  been  plucked  out, 
and  each  time  have  grown  about  two  inches.  Woman's  food,  and 
twenty  kinds  of  game  are  forbidden  them,  and  everything  they 
have  or  obtain  is  Narumbe,  or  sacred  from  women's  touch. 
Any  one  breaking  the  rules  of  Kaingani,  or  Narumbe,  the  old 
men  punish  with  death. 

*  The  Witama  is  a  piece  of  wood  which  is  tied  to  a  long  string,  and  it  is 
then  swung  round  the  head  in  such  a  manner  as  to  cause  a  low  rumbling 
sound,  which  increases  or  decreases  according  to  the  will  and  effort  of  the 
performer. 
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she  may  be  dragged  by  the  hair  or  knocked  on  the  head  with  a  club, 
or  some  other  gentle  means  may  be  used  to  induce  obedience.  If 
the  bride  is  still  obstinate,  perhaps  the  father  or  brother  will  spear 
her  in  the  leg  or  foot. 

Sometimes  a  girl  is  betrothed  in  infancy.  When  the  man  dies 
before  she  is  marriageable,  his  heir  claims  her.  Very  fleshy 
beauties  are  great  favourites  with  the  gentlemen,  and  many  a 
warrior  will  risk  his  life  to  obtain  so  great  a  prize. 

A  lone  bachelor,  without  female  relatives,  is  sure  to  be  an 
object  of  suspicioD,  for  he  needs  to  steal  a  wife,  or  go  without. 
If  he  chooses  the  former  course,  he  must  undergo  the  ordeal 
of  having  spears  thrown  at  him  by  those  who  consider  them- 
selves aggrieved.  A  meeting  in  public  takes  place ;  a  spear  and 
shield  are  given  to  the  offender,  and  with  these  he  must  parry  and 
avoid  the  spears  thrown  at  him.  Generally,  after  being  severely 
wounded,  he  is  allowed  to  keep  his  stolen  wife.  Sometimes,  if 
a  man  shows  unusual  address  in  warding  off  and  avoiding  the 
spears,  he  may  be  allowed  to  keep  his  wife,  although  he  is  not 
wounded. 

There  is  no  wedding  ceremony  among  the  Aborigines,  such  as 
that  which  among  less  uncivilised  races  makes  public  the  contract. 
This  leads  some  to  infer  that  there  is  promiscuous  intercoui'se;  such, 
after  marriage,  as  a  rule  is  not  the  case.  When  a  man  gets  a 
good  wife,  he  gets  a  useful  and  valuable  asset.  The  woman  does 
most  of  the  work,  and  carries  the  household  property.  Tlie  man 
supplies  animal,  his  wife  finds  vegetable  food. 

Infanticide  has  been  a  custom  among  the  natives,  but  it  seems 
to  have  arisen  from  necessity  rather  than  from  cruelty.  Often 
because  the  mother  could  not  carry  two  children,  or  on  account  of 
some  weakness  or  deformity  in  the  infant,  when  twins  were 
born,  one,  sometimes  both,  perished.  The  instinct  of  maternal 
love  for  a  favourite  child  is  strongly  engrained  in  the  Australian 
Aboriginal  woman.  She  will  gladly  die  to  save  it.  If  a  loved  one 
dies^  she  keeps  it  still ;  placing  the  tiny  body  in  a  bag,  she  bears 
it  with  all  that  her  master  and  husband  bids  her.  Day  after  day 
she  labours  with  her  burden  through  the  lonely  forest,  amid  the 
wilderness  of  gum  trees,  weeping  now  and  again  as  the  senseless 
clay  sadly  strikes  her  sides,  and  seems  to  upbraid  her  for  the 
roughness  of  the  way.  At  night,  in  camp,  it  is  put  in  a  safe  spot, 
and  not  the  most  frivolous  among  the  young  folk  dare  mock  the 
mother  for  her  sacred  duty.     Like  regard  is  paid  to  any  deceased 
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notaUe;     Tlie  hftuffe  Are  cot  oft  and  tke  nearcsi  fdatiyas  betr 
these  memmtoeB  witii  tiiem  and  liokl  them  aecred. 

Tike  natrres  had  Tarioos  burial  eascoma.  A  few  tribei^  with 
OKtain  rites,  eoasomed  the  corpse  on  a  fimaral  pile;  othen 
interred  the  body  beneath  the  bed  of  a  mnning  atream,  like  the 
Obongoa^  a  West  African  tribe  This  brings  to  mind  the  passage 
in  Gibbon*s  **  Dedine  and  F;iIL*'  where  the  borial  of  Alaric  the 
Goth  is  thus  described: — ''The  ferodous  character  of  the 
barbarians  was  displayed  in  the  foneral  of  a  hero  whose  valour 
and  fortitnde  thev  celebrated  with  moamfnl  applause.  Bj  the 
labour  of  a  captire  moltitizde  ther  forctblj  direrted  the  oonrae  of 
the  Busentinns — a  small  rirer  that  washes  the  walls  of  CoiiaentiiL 
The  roral  sepulchre — adorned  with  the  splendid  spmls  and 
trophies  of  Rome — was  constructed  in  the  vacant  bed;  the  waters 
were  then  restored  to  their  natural  channel,  and  the  secret  spot 
where  the  remains  of  Alaric  had  been  depcxdted  was  for  ever 
concealed  bj  the  inhuman  massacre  of  the  prisoners  who  had 
been  employed  to  execute  the  wori^"  The  commonest  method  of 
the  Australian  Aborigine  was  doubtless  to  inter  the  bodj.  Major 
Mitchell  has  thus  described  the  tomb  of  Milmeridien: — "This 
burial  ground  was  a  fadrr-like  spot,  in  the  midst  of  a  'scrub' 
(grove)  of  drooping  acacias.  It  was  an  extensive  space,  laid  out 
in  little  walks,  which  were  narrow  and  smooth,  as  if  intended 
only  for  sprites.  All  these  ran  in  gracefully  curved  lines,  and 
inclosed  the  heaving  heaps  of  reddish  earth  which  contrasted 
finely  with  the  acacias  and  dank  casuarinas  around.  Others,  gilt 
with  moss,  shot  far  into  the  recesses  of  the  bush,  where  slight 
traces  of  still  more  ancient  graves  proved  the  antiquity  of  these 
simple  but  touching  records  of  humanity.  With  all  our  art  we 
could  do  no  more  for  the  dead  than  these  poor  savages  had 
done.' 

Death  begets  death.  The  blacks  cannot  believe  that  any  man 
dies  from  natural  causes,  and  therefore  must  have  revenge  on  the 
fancied  enemy  who  has  compassed  the  decease  of  their  friend  or 
relative.  It  is  generally  the  duty  of  the  sorcerers  or  Koradjees 
during,  or  immediately  after,  the  burial,  to  tell  where  the  man  is 
to  be  found  who  has  contrived  the  death  of  an  Aboriginal  One 
method  is  to  cover  the  grave  with  wet  clay ;  this  the  mourners 
sit  and  watch,  until  the  heat  of  the  sun  cracks  it.  The  pa^  whidi 
the  avengers  are  to  take  is  indicated  by  the  direction  of  the  first 
fissure  which  shows  itself  in  the  drying  clay.     Their  duty  is  to 
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bring  back  the  kidney  fat  of  the  first  mau  of  another  tribe  whom 
they  meet. 

It  is  the  costom  of  the  Narrinyeri  (who  inhabit  the  Lakes  and 
Lower  Marray)  for  the  riOarest  relative  of  the  dead  man  to  sleep 
with  his  head  on  the  corpse.  It  is  thought  that  the  dreams 
dreamt  on  this  pleasant  pillow  direct  the  dreamer  to  the  person 
who  has  caused  his  friend's  death. 

The  writer  has  been  asked  to  say  if  cannibalism  was  practised 
by  the  Aborigines.  To  some  extent  no  doubt  it  was.  Natives 
killed  and  ate  little  children,  and  the  flesh  of  warriors  slain  in 
battle  was  sometimes  eaten.  Feasts  on  human  flesh  did  not 
prevail  as  among  the  Fijians,  but  the  natives  seem  to  have  eaten 
certain  parts  of  the  bodies  of  the  slain  in  obedience  to  superstitious 
customs.  Human  life  was  rarely  taken  merely  for  purposes  of 
nutrition,  unless  a  tribe  was  starving.  The  Maori,  who  dwelt  in 
a  region  better  supplied  with  food,  was  a  notorious  cannibal.  The 
natives  of  Fraser  Island  (Great  Sandy  Island),  Queensland,  feasted 
on  human  flesh ;  fat  young  men  and  women  suited  their  palate. 
Long  ago,  tribes  in  parts  of  New  South  Wales  (Bathurst,  Goulbum, 
the  Lachlan  or  Macquarie),  in  obedience  to  a  religious  ceremony, 
used  to  eat  the  first-born  of  every  lubra.  There  is  a  well-authen- 
ticated case  of  a  black  fellow  who  had  been  thrown,  when  an  infant, 
on  the  fire.  He  was  rescued  and  brought  up  by  some  stock  keepers 
who  chanced  to  pass.  The  scars  caused  by  the  bums  were  visible 
on  him  when  a  man,  and  his  story  was  veil  known  in  the  locality. 

An  Aboriginal's  daily  life  was  troublous,  and  he  lived  in  fear 
of  his  foes.  At  times  he  dared  not  light  a  fire,  lest  it  shoiild 
guide  his  enemies  to  him.  Often  he  himself  had  some  wrong  or 
fancied  wrong  to  redress.  Mayhap  while  the  men  were  away  at 
the  chase  the  camp  would  be  attacked.  On  their  return  the 
hunters  would  find  the  young  women  taken  to  be  wives  for  their 
enemies  and  the  old  ones  murdered. 

Their  domestic  life  was  simplicity  itself.  A  lire  was  enough,  no 
cooking  utensils  were  needed ;  there  might  be  a  wooden  drinking 
bowl,  and  a  large  grass  bag  for  holding  food.  The  man  also  used  a 
small  grass  bag  for  his  private  eflects,  these  would  consist  of  some 
round  stones  (Boolk  or  Bulk),  to  make  his  enemies  sick ;  a  packet 
wrapped  in  bark  and  painted  with  red  ochre — the  fat  of  some 
enemy  he  has  slain ;  a  few  other  odds  and  ends  indicate  an  eye  to 
business ;  round  his  middle  is  wrapped  in  many  folds  a  cord  spun 
from  opossum  fur,  in  which  are  stuck  his  hatchet,  boomerang,  and 
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notable.     The  hands  are  cut  off,  and  the  nearest  relatives  bear 
these  mementoes  with  them  and  hold  them  sacred. 

Tfhe  natives  had  various  burial  customs.  A  few  tribes,  with 
certain  rites,  consumed  the  corpse  on  a  funeral  pile;  others 
interred  the  body  beneath  the  bed  of  a  running  stream,  like  the 
Obongos,  a  West  African  tribe.  This  brings  to  mind  the  passage 
in  Gibbon's  "  Decline  and  Fall,"  where  the  burial  of  Alaric  the 
Goth  is  thus  described: — "The  ferocious  character  of  the 
barbarians  was  displayed  in  the  funeral  of  a  hero  whose  valour 
and  fortitude  they  celebrated  with  mournful  applause.  By  the 
labour  of  a  captive  multitude  they  forcibly  diverted  the  course  of 
the  Busentinus — a  small  river  that  washes  the  walls  of  Ck)nsentia. 
The  royal  sepulchre — adorned  with  the  splendid  spoils  and 
trophies  of  Rome — was  constructed  in  the  vacant  bed;  the  waters 
were  then  restored  to  their  natural  channel,  and  the  secret  spot 
where  the  remains  of  Alaric  had  been  deposited  was  for  ever 
concealed  by  the  inhuman  massacre  of  the  prisoners  who  had 
been  employed  to  execute  the  work."  The  commonest  method  of 
the  Australian  Aborigine  was  doubtless  to  inter  the  body.  Major 
Mitchell  has  thus  described  the  tomb  of  Milmeridien: — "This 
burial  ground  was  a  fairy-like  spot,  in  the  midst  of  a  *  scrub  * 
(grove)  of  drooping  acacias.  It  was  an  extensive  space,  laid  out 
in  little  walks,  which  were  narrow  and  smooth,  as  if  intended 
only  for  sprites.  All  these  ran  in  gracefully  curved  lines,  and 
inclosed  the  heaving  heaps  of  reddish  earth  which  contrasted 
finely  with  the  acacias  and  dank  casuarinas  around.  Others,  gilt 
with  moss,  shot  far  into  the  recesses  of  the  bush,  where  slight 
traces  of  still  more  ancient  graves  proved  the  antiquity  of  these 
simple  but  touching  records  of  humanity.  With  all  our  art  we 
could  do  no  more  for  the  dead  than  these  poor  savages  had 
done." 

Death  begets  death.  The  blacks  cannot  believe  that  any  man 
dies  from  natural  causes,  and  therefore  must  have  revenge  on  the 
fancied  enemy  who  has  compassed  the  decease  of  their  friend  or 
relative.  It  is  generally  the  duty  of  the  sorcerers  or  Koradjees 
during,  or  immediately  after,  the  burial,  to  tell  where  the  man  is 
to  be  found  who  has  contrived  the  death  of  an  Aboriginal.  One 
method  is  to  cover  the  grave  with  wet  clay ;  this  the  mourners 
sit  and  watch,  until  the  heat  of  the  sun  cracks  it.  The  path  which 
the  avengers  are  to  take  is  indicated  by  the  direction  of  the  first 
fissure  which  shows  itself  in  the  drjdng  clay.     Their  duty  is  to 
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bring  back  the  kidney  fat  of  the  first  mau  of  another  tribe  whom 
they  meet. 

It  is  the  custom  of  the  Narrinyeri  (who  inhabit  the  Lakes  and 
Lower  Mnrray)  for  the  riOarest  relative  of  the  dead  man  to  sleep 
with  his  head  on  the  corpse.  It  is  thought  that  the  dreams 
dreamt  on  this  pleasant  pillow  direct  the  dreamer  to  the  person 
who  has  caused  his  friend's  death. 

The  writer  has  been  asked  to  say  if  cannibalism  was  practised 
by  the  Aborigines.  To  some  extent  no  doubt  it  was.  Natives 
killed  and  ate  little  children,  and  the  flesh  of  warriors  slain  in 
battle  was  sometimes  eaten.  Feasts  on  human  flesh  did  not 
prevail  as  among  the  Fijians,  but  the  natives  seem  to  have  eaten 
certain  parts  of  the  bodies  of  the  slain  in  obedience  to  superstitious 
customs.  Human  life  was  rarely  taken  merely  for  purposes  of 
nutrition,  unless  a  tribe  was  starving.  The  Maori,  who  dwelt  in 
a  region  better  supplied  with  food,  was  a  notorious  cannibal.  The 
natives  of  Fraser  Island  (Great  Sandy  Island),  Queensland,  feasted 
on  human  fliesh ;  fat  young  men  and  women  suited  their  palate. 
Long  ago,  tribes  in  parts  of  New  South  Wales  (Bathurst,  Goulbum, 
the  Lachlan  or  Macquarie),  in  obedience  to  a  religious  ceremony, 
used  to  eat  the  first-born  of  every  lubra.  There  is  a  well-autben- 
ticated  case  of  a  black  fellow  who  had  been  thrown,  when  an  infant, 
on  the  fire.  He  was  rescued  and  brought  up  by  some  stock  keepers 
who  chanced  to  pass.  The  scars  caused  by  the  bums  were  visible 
on  him  when  a  man,  and  his  story  was  veil  known  in  the  locality. 

An  Aboriginal's  daily  life  was  troublous,  and  he  lived  in  fear 
of  his  foes.  At  times  he  dared  not  light  a  fire,  lest  it  shoiild 
guide  his  enemies  to  him.  Often  he  himself  had  some  wrong  or 
fancied  wrong  to  redress.  Mayhap  while  the  men  were  away  at 
the  chase  the  camp  would  be  attacked.  On  their  return  the 
hunters  would  find  the  young  women  taken  to  be  wives  for  their 
enemies  and  the  old  ones  murdered. 

Their  domestic  life  was  simplicity  itself.  A  fire  was  enough,  no 
cooking  utensils  were  needed ;  there  might  be  a  wooden  drinking 
bowl,  and  a  large  grass  bag  for  holding  food.  The  man  also  used  a 
small  grass  bag  for  his  private  efiects,  these  would  consist  of  some 
round  stones  (Boolk  or  Bulk),  to  make  his  enemies  sick ;  a  packet 
wrapped  in  bark  and  painted  with  red  ochre — the  fat  of  some 
enemy  he  has  slain ;  a  few  other  odds  and  ends  indicate  an  eye  to 
business ;  round  his  middle  is  wrapped  in  many  folds  a  cord  spun 
from  opossum  fur,  in  which  are  stuck  his  hatchet,  boomerang,  and 
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throwing  stick  for  small  animals ;  in  his  hand  he  carries  a  variety 
of  spears  with  different  points,  equally  suited  for  war  or  the  chase ; 
a  warm  Kangaroo  skin  completes  his  equipment  in  the  southern 
portion  of  tha  continent,  but  a  cloak  is  rarely  worn  north  of  29** 
south.  Thus  equipped,  the  fathers  of  a  tribe  stride  forth,  and  at 
a  respectful  distance  follow  the  women. 

Each  woman  carries  a  long  stick,  the  point  of  which  has  been 
hardened  in  the  fire,  and  a  child  or  two  fixed  in  the  mouth  of  her 
bag  or  upon  her  shoulders.  A  peep  into  the  wife's  great  grass  bag 
proves  who  caters  for  the  family:  a  few  roots  and  a  stone  to  pound 
them  with,  a  native  bear's  leg  and  a  kangaroo's  head,  a  few 
opossum  skins  if  she  is  making  a  rug,  and  some  shells  to  mark 
them  with ;  an  opossum's  tail,  to  which  are  attached  the  sinews, 
also  some  kangaroo  sinews :  these  are  her  sewing  thread,  more 
lasting  than  "Paisley's  best;"  native  knives,  a  native  hatchet,  pipe 
clay,  red  ochre,  yellow  ochre,  and  paper  bark  to  carry  water  in, 
tinder  made  of  dried  fungus,  dried  Banksia  cones,  and  grease  if 
she  has  been  able  to  get  it.  Generally  each  woman  carries  a  lighted 
firebrand  in  her  hand.  In  the  bag  may  also  be  a  hand  of  some 
deceased  friend  or  husband,  kept  in  memory  of  one  loved  and 
lost. 

The  Australian  Aborigine  reminds  the  writer  very  much  of 
the  South  African  Bosjesman,  who  improves  neither  the  land  nor 
his  own  social  condition ;  civilization  merely  exterminates  him. 
He  affects  neither  clothing  nor  fixed  abode,  his  summer  quarters 
are  a  few  branches  stuck  in  the  ground  to  screen  him  from  the 
wind.  Both  races  are  splendid  huntsmen,  stalking  their  game 
with  unequalled  cunning  and  perseverance.  The  Australian  spears 
fish  at  night  very  expertly.  He  cooks  his  large  game  in  ovens.  A 
hole  is  made  in  the  earth  and  lined  with  stones ;  fire  is  lit  in  it, 
and  left  until  the  stones  are  red-hot ;  the  kangaroo  or  other  meat 
is  put  in,  and  more  hot  stones  are  laid  on  the  top ;  the  whole  is 
then  covered  with  earth,  and  the  confined  steam  and  heat  of  the 
stones  soon  cook  the  meat.  The  river  tribes  are  splendid  swimmers, 
and  catch  ducks  by  diving  underneath  them  and  seizing  them  by 
the  legs :  an  active  swimmer  will  catch  six  or  seven  in  rapid 
succession. 

The  Australian's  weapons  are  numerous  and  differ  in  various 
districts.  One  is  the  club :  it  is  only  considered  fair  to  strike  at  the 
head  with  this  weapon.  There  are  many  forms  of  it,  varying  from 
ten  to  fifty  ounces  in  weight.    One  is  made  with  a  sharp  point,  and 
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is  thrown  sometiines  so  that  the  point  will  wound ;  another  is  like 
a  small  wooden  sword. 

The  fighting  stick  is  made  of  hard  pointed  wood,  and  is  a  very 
dangerous  weapon  at  close  quarters.  It  is  sometimes  used  for 
throwing  at  birds  and  small  animals.  The  Tasmanians  had  a 
similar  weapon. 

In  Queensland  a  heavy  two-handed  sword  (Bittergan)  is  used, 
which  is  about  three  feet  long,  and  very  heavy.  At  Kockiugham 
Bay  a  most  formidable  sword  is  found,  56  to  58  inches  long,  and 
weighing  from  8  to  10  pounds.  The  men  who  wield  it  must  bo 
very  powerful. 

There  is  a  great  variety  of  war  spears,  the  barbing  of  which, 
whether  of  stone  or  wood,  is  diabolically  ingenious,  and  inflicts  a 
terrible  wound.  They  have  also  hunting  and  fishing  spears.  The 
Murray,  Goulbum,  and  other  river  tribes,  used  reed  spears.  At 
one  time  the  natives  possessing  land  about  Lancefield  bartered 
greenstone  for  tomahawks  or  reed  spears.  On  Mount  William, 
near  Lancefield,  there  was  a  large  native  quarry  for  this  stone, 
which  no  doubt'  supplied  a  large  extent  of  country. 

Then  there  is  the  well-known  spear-throwing  stick,  variously 
called  Meera,  Mero,  Womerah,  Gur-reek,  Kurruk,  etc.:  it  gives 
the  spear  thrower  great  leverage,  and  enables  him  to  hurl  with 
force  and  accuracy. 

There  are  a  number  of  leaf-shaped  weapons  used  for  throwing 
and  for  close  quarters,  some  varieties  of  which  resemble  the 
boomerang,  but  have  not  its  power  of  returning  to  the  thrower. 
It  may  be  that  the  peculiar  powers  of  the  boomerang  were  dis- 
covered by  evolution  from  these  leaf -shaped  weapons.  It  varies 
very  much  in  form,  size,  and  weight.  Two  of  the  same  pattern 
are  rarely  found,  and  the  native  alters  a  favourite  weapon  as 
experience  suggests  improvement.  With  a  skilful  thrower  the 
furthest  point  of  the  curve  is  from  a  hundred  to  a  hundred  and 
fifty  yards  distant.  A  few  can  throw  it,  but  not  with  accuracy, 
80  as  to  strike  an  object  behind  them.  Others  throw  it  so  as  to 
run  along  the  ground  for  a  distance,  hoop-fashion,  then  ascend, 
describe  a  curve,  and  come  back  to  the  thrower.  Lieut.  Breton 
says: — "  I  have  seen  a  native  throw  one  so  as  to  make  it  go  forty 
or  fifty  yards  horizontally,  and  not  more  than  three  or  four  feet 
from  the  ground ;  it  would  then  suddenly  dart  into  the  air  to  a 
height  of  fifty  or  sixty  yards,  describe  a  very  considei-able  curve, 
and  finally  fall  at  his  feet."      A  skilled  warrior   never  fails  to 
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flMke  tke  hoooieimng  rose  beck.  Sir  Joiin  Lobboek  gms  a 
m  wkidi  »  small  yran  was  oflTercd  for  eTenr  time  tke  weapon 
nvdtfi#^  to  come  back  into  a  five-foot  cirde;  ahLoagk  is  waa  tliiown 
iritb  gr^iat  force,  tbe  oatire  saeoeedcd  £▼«  times  out  of  twahne^ 
Th#tf«^  in  alxo  a  war  boomerang — Bamgeec — ^which  does  noc  recarn 
f/>  nh^  thrower. 

It;  ban  Vjeen  prDposed  that  the  leaf  <^  the  wiiite  gum-tree 
nnf^gf»Uid  the  boomerang.  As  the  leaves  of  this  tree  faJl  to  the 
gronnd  they  gjrate  like  the  Wongoim,  and  if  one  is  thrown 
tttndg^  forward  it  makes  a  carve  and  retums.  Chikiren  play 
with  thejie  leaves,  and  an  old  man  might  make  a  wooden  model, 
the  peculiar  movements  of  which  would  arouse  curiositj,  and  lead 
Up  farther  experiment&  A  paper  might  be  written  on  the 
\ff>tmifinaig  alone;  and  perhaps  no  weapon  has  given  rise  to  so 
much  discussion.  Mr.  Bailev,  once  Vice-president  of  the  Royal 
Hociety,  remarkerl,  '*  Its  path  through  the  air  was  enough  to  puzzle 
a  mathematician.  It  resembles  in  appearance  a  weapon  used  by 
the  ancient  Egyptians  for  killing  wild  ducks,  as  represented  on 
a  tomV^  at  Thebes.  The  centre  of  gravitv  is  not  in  the  weapon 
itself/'  8ir  Tlios.  Mitchell  discovered  that  the  centre  of  the  whirl- 
ing motion  might  be  found  '*  in  a  line  of  equilibrium  which  should 
divide  the  surfieu^e  acting  on  the  air  into  three  portions,  in  such 
manner  as  that  the  excentric  portions  should  equal  the  central 
one.''  On  attaching  a  centre  to  the  boomerang  he  then  found 
this  was  the  centre  of  gravity,  both  during  the  rotary  motion,  and 
in  a  state  of  rest. 

In  the  extreme  north  the  bow  and  arrow  are  used.  Varieties  of 
the  shield  are  found  in  use  all  through  the  continent.  The  stone 
implements  made  by  the  Austitilians  are  much  superior  in  finish 
and  shape  to  the  rude  flint  implements  found  in  the  European 
drift,  but  time  will  not  permit  us  to  deal  with  them  in  detail. 

The  Aborigines  frequently  have  considerable  taste  for  carving 
and  drawing.  Some  decorate  their  miamias  with  rude  drawings, 
etched  with  a  piece  of  pointed  stone  on  sheets  of  bark  which  have 
been  blackened  in  the  fire.  Red  marks  ai-e  found  on  the  walls  and 
roofs  of  many  caves,  as  though  a  hand  had  been  laid  in  some  i*ed 
ochre,  and  then  pressed  against  the  rock.  Near  these  are  generally 
seen  other  marks  or  drawings.  These  samples  of  primitive  art 
have  been  seen  in  Eastern,  Western,  and  Northern  Australia,  and 
on  indurated  sandstone  on  a  cliff  near  the  Goulburn  river  in 
New  South  Wales.     There  are  some  hand-prints  and  drawings  of 
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animals  in  a  granite  cave  near  York,  Western  Australia,  and  in 
other  places.  The  marks  in  the  cave  near  York  are  quite  indelible, 
and  consist  of  hand,  forearm,  and  finger  marks  ;  high  up,  and  just 
over  the  mouth  of  the  cave,  is  a  circular  figure  painted  with  the 
same  red  substance,  about  fifteen  inches  in  diameter,  and  filled  up 
with  lines  and  ciXNSS-bars.  It  miist  have  been  made  by  a  person 
raised  from  the  floor  of  the  cave.  The  natives  of  the  district  could 
give  no  rational  explanation  as  to  the  presence  of  these  drawings. 

A  Mr.  R  D.  Hardie  found  the  prints  of  five  or  six  hands  on 
some  caves  seventy  miles  east  from  the  Avon  river,  in  Western 
Australia,  but  could  not  make  sure  what  colouring  matter  was 
used.  Captain  Flinders  saw  cave  paintings  on  Chusan  Island, 
Gulf  of  Carpentaria;  there  were  porpoises,  kangaroos,  turtles, 
and  a  human  hand,  also  a  kangaroo  with  thirty-two  people  following 
it.  Paintings  have  been  seen  on  Clack's  Island,  off  the  north -east 
coast  On  the  north-west  coast,  in  1838,  Grey  and  Lushington 
found  caves  with  well  drawn  figures  in  different  colours.  Captain 
(now  Sir  Greorge)  Grey  thought  they  had  no  connection  with  the 
red  hands  in  the  cavern  near  York.  He  thus  describes  one  of  the 
paintings : — *'  The  principal  painting  in  the  cave  was  the  figure  of 
a  man,  ten  feet  six  in  length,  clothed  from  the  chin  downwards  in 
a  red  garment  which  reached  to  the  wrists  and  ankles ;  beyond 
this  red  dress  the  feet  and  hands  protruded,  and  were  badly 
executed.  The  face  and  head  of  the  figure  were  enveloped  in  a 
succession  of  circular  bandages,  or  rollers,  or  what  appeared  to  be 
painted  to  represent  such ;  these  were  coloured  red,  yellow,  and 
white;  and  the  eyes  were  the  only  features  represented  on  the  face. 
Above  the  highest  bandage  or  roller  a  series  of  lines  were  painted 
in  red."  There  is  no  doubt  this  was  an  attempt  to  represent  a 
fanciful  head-dress  which  some  tribes  wear  when  dancing  the 
corrobboree. 

Captain  Grey  also  found  the  profile  of  a  human  head  cut  in 
sandstone.  The  rock  being  hard,  it  must  have  been  great  labour 
for  an  Aboriginal  to  remove  so  much  with  his  stone  knife  and 
hatchet  "The  head,"  he  says,  "was  two  feet  in  length,  and  six- 
teen inches  in  breadth  at  the  broadest  part ;  and  the  depth  of  the 
profile  increased  gradually  from  the  edges,  whei*e  it  was  nothing,  to 
the  centre  where  it  wsis  an  inch  and  a  half;  the  ear  was  rather 
badly  placed,  but  otherwise  the  whole  of  the  work  was  good,  and 
far  superior  to  what  a  savage  race  could  be  supposed  capable  of 
executing." 


^  i4  .  ituAMtiimiru    ZuCieS^    j/    ^  ^M/uiT. 


TIiesR  K<s  axzzneEam  ^aocvfnip  «iil  ^ae  ^BHtlBiiii  sui  fist  ro^s 
suzmmimie  ^ss  janavr  <i£  Pv^adaoiL.  and  as  <H^er  parti  of 

wnr*3t  heaii  loez*?  ips  juaiiv  ar^incs  xzui  bazul  izn^scaBOOS  oq  tke 
^ues  at  Dtsnsiaiimnuair  rocks:  or  -ivary  nw  :aie  snbjeccs  repreaoified 
are  ininifOBinis — kaxu903«2Sh.  TTnTTrmfi  ioariLk  -mft^iii^  boaacrsQg% 
ud  immajx  i:rxrs  in  juliuo barge  tfrTTaiipSw 

Tiast  Bumef  £Lia;£e  jiwass  ire  known  u  nuke  rock-paizuiiigs  o£ 
ouGscre&raeti  ottoiia.  These  ire  -sseeiised  in  7v<o  waj^  hj  danhfng 
cjiie  bazui  wrta  reii  -jcnre  ir  aiiw-ciaj.  ixui  uf 'fiLing  is  o^  and  bj 
n«;uMn«£  ciie  (uuui  v}iL  ^e  Tick,  i^ii  it^oirtxiur  cxiitiiir  OTer  it  ovt  o£ 
the  moatiu  jo  citiic  vaea  liie  aaoii  is  removed  tile  ootliiie  of  is  is 
left  oa  coioorrfd  zTJUinL  The  701x11^  Brisiati  scficolbo^rs  primiciTe 
art  oecaswniillT  iecacaas  his  ^n}^^pan:^7^'s  hmek.  wixik  a  kxig-eared 
illiLstrauoa.  priiiu«!U  ocF  ^ae  hand. 

Curiooslj  ecLOo^  verfni.:<:n.  laipceaBZiMis  cc  hnmaii  hands  are 
6xi]id  oa  che  oid  Tol^  r>iT''tfrn*m  of  Y:icacaa  in  Central  Amecica. 
In  Borneo  txie  sruunp  of  a  hikod  on  ^  document  is  the  agn  manual 
ot  a  natiTe  prince.  Thst  r^ni  coicar  is  es&aemed  sftcred  in  manj 
instances  bv  che  inhnckaccs  of  a  ;£re«s  porcioa  of  Asia. 

Manj  bLabcks  hjbTe  unixsQ^  caste  Uir  drawing  and  sketch  with 
rapidity.  Erenis  worthj  of  noce  uhey  record  on  their  throwing 
sticks.  The  Hebrews  wrote  on  sticks — "*  And  the  sticks  wfaereon 
thou  writest  shall  be  in  thine  hand  b^ore  their  ere&*^  (Eaekid 
TTXTii  20. )  And  so  did  the  earij  Greeks.  Accounts*  icpr  ram  ting 
many  a  gallon  of  beer,  even  now  are  kept  on  sticks  in  some  country 
places  in  England 

Th^e  is  no  doabt  that  long  before  £nropeans  had  frequented 
the  continent  many  AborijiEinal  tribes  conveyed  ideas  by  a  kind  of 
picture  writing.  Natives  oecaaonally  made  pictures  representing 
striking  episodes  in  their  live&  Near  the  tombs  of  warriors  the 
Murray  and  Darling  natives  carved  strange  figures  on  trees,  which 
would  Ije  intelligible  to  all  the  tribes  in  these  area&  In  Victoria 
a  native  artist  carved  a  tomb-board  for  a  Yarra  Aborigine;  strange 
to  say  it  very  much  resembles  the  tomb-board  of  Wabojeeg,  a 
celebrated  war  chief^  who  died  cm  Lake  Superior  in  1793. 

A  native  never  betrays  surprise  or  wonder  at  any  strange  or 
novel  flight.  An  Aboriginal  lad  who  saw  the  ocean  for  the  first 
time,  merely  took  one  long  glance  seeking  land  on  the  other  side, 
ami  remarked,  *-Big  fellow  water-hole  that!"  The  perceptive 
powers  of    the   Aboriginals    are  clear,    and    their  Unities  of 
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observation  and  imitation  most  marked.  Like  the  Bosjesmen,  they 
are  excellent  mimics,  and  show  much  original  humour.  Their 
chants  are  monotonous  and  harsh,  and  always  in  tlie  minor  key; 
still  these  poor  blacks  are  not  insusceptible  of  the  powers  of  music. 
They  have  named  all  the  conspicuous  stars,  every  feature  of  the 
ground,  every  hill,  swamp,  bend  of  a  river,  etc.,  but  not,  in  Western 
Australia,  the  river  itself.  "  The  water,"  a  native  laconically 
remarked,  "runs  away  into  the  sea — it  is  no  use  naming  that !" 

The  time  is  not  far  off  when  this  strange  race,  and  almost  all 
record  of  it,  will  have  disappeared.  Even  now,  when  travelling 
through  the  settled  parts  of  the  country,  there  are  but  few  indica- 
tions of  the  past  presence  of  the  natives  to  be  seen.  Two  of  these 
are — marks  cut  on  trees,  which  will  soon  disappear,  and  the 
"  Native  ovens  "  or  Mimyongs.  Sir  Charles  Lyell,  when  wiiting 
of  similar  mounds  (Kjokenmoddings),  found  under  the  peat  mosses 
of  Denmark,  composed  of  ashes,  fine  charcoal,  fragments  of  bones, 
and  other  remains  after  cooking  and  eating,  terms  them  "  Kitchen 
refuse  heaps."  Mimyongs  are  found  in  East  and  South-East 
Australia  near  lakes  and  lagoons,  and  in  localities  where  fish, 
game,  or  food  of  any  description  was  plentiful.  Their  positions 
were  carefully  selected,  so  that  the  occupants  could  command  a 
view  of  the  surrounding  country  without  exposing  themselves. 
When  a  company  of  natives  returned  from  a  hunt,  the  woman 
took  a  fresh  supply  of  firewood  and  stones ;  thus  in  the  course  of 
centuries  huge  mounds  arose.  These  ash  heaps  vary  from  ten  to 
a  hundred  feet  in  diameter,  and  from  a  few  inches  to  ten  or 
twelve  feet  in  height,  depending  on  their  age  and  on  the  number 
of  persons  frequenting  them. 

There  are  also  some  large  shell  mounds  on  the  coast,  especially 
near  Cape  Otway;  the  largest  is  a  hundred  yards  long  by  fifteen 
to  eighteen  yards  wide,  and  five  or  six  yards  high.  It  must  have 
taken  ages  for  the  fish-eating  coast  tribes  to  build  up  such  heaps. 
Unfortunately,  the  settlers  have  destroyed  many  mimyongs  by 
using  them  for  manure.  This  is  much  to  be  regretted,  as  they  are 
the  oldest,  and  will  be  the  most  durable  records  of  the  purest  and 
most  homogeneous  race  of  savages  on  the  face  of  the  eartL 
Latterly,  some  of  the  mimyongs  have  been  used  by  the  natives  as 
places  of  burial.  Here  and  there  on  the  basaltic  plains  of  the 
western  district  of  Victoria  a  stone  mia-mia  or  shelter  may  be 
found. 

Such,  imperfectly,  is  a  sketch  of  the  Australian  Aborigine  and 
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XIV. — Note  on  a  Class  of  Definite  Integrals.     By  George  A. 

Gibson,  M.A. 


[Read  before  the  Mathematical  and  Physical  Section  of  the  Society, 

3rd  Febniar>%  1887.] 


The  integrals  considered  in  the  following  note  are  of  the  class 
discussed  by  Poisson  in  the  tenth  volume  of  the  "Journal  de 
I'Ecole  Polytechnique."  Simpler  proofs  of  them  have  been  given 
by  Mr.  Walton  in  the  "Quarterly  Journal"  for  1871,  voL  XL,  and 
by  Mr.  T.  E.  Terry  in  the  "Proceedings  of  the  London  Mathe- 
matical Society,"  voL  XL  The  proof  I  give  puts  the  essential  part 
of  Mr.  Walton's  paper  in  a  clearer  light,  besides  generalising  the 
integral;  I  also  use  Mr.  Terry's  transformation  to  prove  Poisson's 
first  relation,  to  which  Mr.  Terry  himself  does  not  refer.  Mr. 
Terry  observes  that  his  proof  is  a  "  simple  extension  of  the  method 
used  in  the  solution  of  one  of  Mr.  Ferrers'  questions  in  the  *  Solu- 
tions of  Cambridge  Problems  and  Riders  for  1878.'"  I  may  add 
that  the  method  referi-ed  to  here  is  also  to  be  found  in  Mr.  Ferrers' 
"Spherical  Harmonics"  (p.  41). 
Poisson  proved  that  the  integral 

«■        (sin6)"*t/6         .    .    ,        A     *.    t 

— — i '—■ — -  IS  independent  of 

(l-2acosa  +  a2)»  ^ 
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a  when  in  =  2n,  and  is  in  general 
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equal  to  (1  - a^^"-^ .    ,,     ..  ....  .  .,..,,^., 


a  being  less  than  unity  and  m  + 1  positive.  It  is  clear  that  the 
integral  has  the  same  value  for  negative  as  for  positive  values  of 
a,  and  that  its  value  for  a  >  1  can  be  deduced  from  that  for  a  <  1. 
I  shall  therefore  suppose  a  <  \  throughout. 

Take  a  circle,  centre  C,  radius  unity;  let  A  be  a  point  within  it, 
PAQ  a  chord  through  A,  PM  perpendicular  to  CA.  Denote  the 
angles  ACP,  ACQ,  MAP,  APC  by  0,  i/^,  ^,  w  respectively,  and  let 
CA  =  fl,  AP  =  f,  AQ  =  p. 

From  the  figure  we  see  at  once  that 

sind    sin«    sin^//      ._.       .         ,  n     -«     i     ^2 

rap 

1       2 

f««l-2acose  +  fl2;  p2  =  1  -  2a  cosi/^  +  a2;  dd=  -Idi^^  ^^Jl^d}}/ 

P  9 


168  Philosophical  Society  of  Glasgow, 

As  6  increases  from  o  to  ir,  if^  decreases  from  t  to  o,  0  increases 
from  o  to  T,  and  w  goes  from  o  to  sin'^a  and  back  to  o. 

I.  To  show  that  TtY— )<i6=  |   F(8inO).(/a,  where  F  denotes 

JO  ^  Jo 

any  function  that  is  finite  and  continuous  between  the  values  o  and  ir 

of  6.     Substitute  sin0  for  -     ;  hence 

r 
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Jo  Jo  Jo  Jo 
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This  theorem  clearly  includes  the  first  case  of  Poisson's. 

We  may  at  once  deduce  the   well-known   theorem   that 

j   log(l  -  2a  cosa  +  a^)de  is  zero  when  a  <  1.     Let  F( -?^\  = 
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i.e.  I    log  BinB.dd  -  I    logrrfO=  I    log  sinO  dd 
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log  r  (/6  =  o,  as  was  to  be  proved. 


II.  To  show  that  r(?i^r''»=(i-«7+-=«r« 

Put  for  8100,  r,  do  their  values  in  terms  of  sin^,  p,  dxf/,  and  we  get 
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H-m-9n  I     yoiiit/;    t/6 


H»  rJltJIKi 
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The  proof  of  this  theorem  by  means  of  the  angles  0,  bi,  though 
not  very  difl&cult,  is  a  little  troublesome. 

Now  denote  the  integral       ^ — -^ —  by  I  and  put  r^  =  A;  then 
by  the  theorem  just  proved,  we  have 


I  =  (l-a2) 


(8ine)^0  =    >iH^  (A  +  2«  cose  -  2a^)d6 


O  Jo 


/"IT 
=  1  + 

-    O 


(??^^!!  (2a  COS0  -  2a2)rf6  =  I  +  K  suppose. 


;.K  =  a      Butf-=!?.K  =  o 

(Ml    a 

Thus  we  see  that  when  m  =  2w  the  integral  is  independent  of  A. 

The  proofs  of  Poisson's  integrals  which  have  just  been  given  are 
very  simple,  especially  when  compared  witli  Poisson^s  method. 
One  feels  a  little  surprised  that  Poisson  did  not  try  the  result  of 

substituting  u  for  Q  where  -  -  .  tan  -  =  tan  ^,  in  accordance  with 

- — •       Jacobi 

1  -  2a  cos6  +  a2 

("Crelle,"  Bd.  XV.  p.  11)  makes  this  transformation,  giving  the 

equations 

sinO  1  -g^         _  1  -  2a  cosQ  +  a-    ,« 1  -a^  ^^^ 

sinM  ~  1  +  2a  cosm  +  a^  "^  1  -  a^        '  1  +  2a  cosw  +  a- 

and  practically  gets  the  relation  established  in  11.  above. 

Mr.  Terry's  paper  is  an  extremely  interesting  one.     I  sliould 

also  refer  to  Euler^s  "  Theorema  maxime  memorabile  circa  formu- 

lam  integralem  ^ -^-^^1'''t^-^^"  (Int.  Cal,  vol.  IV.),  an.l 

^  I    (I -2a  cos0  +  a^)"^^ 

to  Legendre  (Exerc.  torn.  i.  pp.  372-6). 
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XV. — Sonie  Minor  Rights  of  Land-Ownership,     By  Archibald 
Ferguson,  Writer,  West  Regent  Street,  Glasgow. 


[Read  before  the  Architectural  Section,  14th  February,  1887.] 


When  I  accepted  the  invitation  of  your  Society  a  few  weeks  ago 
to  furnish  notes  illustrative  of  the  subject  brought  under  your 
notice  by  the  Royal  Institute  of  British  Architects,  I  expected  to 
have  been  able  easily  to  keep  within  very  brief  limits.  As  it  has 
turned  out,  however — no  doubt  partly  owing  to  the  rather  vague 
though  suggestive  title  furnished  by  your  Secretary,  and  partly 
owing  to  my  desire,  if  possible,  to  touch  on  some  cognate  points 
which  I  was  led  to  understand  would  be  of  interest, — the  scope 
and  plan  of  the  paper  have  been  gradually  expanded  lyitil,  I  fear, 
the  result  may  now  be  rather  to  perplex  than  enlighten  a  lay 
audience. 

I  may  begin  by  stating  that  servitudes,  in  one  sense,  are  not 
rights  of  ownership  at  all — ownership,  bare  and  unqualified,  is  the 
negation  of  servitudes.  Give  to  every  owner  of  land  his  natural 
rights  as  such  and  you  annihilate  servitudes.  For  the  most  salient 
characteristic  of  ownership  is  that  every  owner  has  right  to  the 
exclusive  use  of  his  property;  whereas  a  servitude  is  a  right 
whereby  two  properties  belonging  to  different  owners  are  linked 
together  in  a  mutual  relationship,  in  virtue  of  which  the  owners 
of  the  one  property,  called  the  servient  tenement,  have  their 
natural  right  to  the  exclusive  use  of  their  property  restricted  and 
qualified  for  the  service  and  benefit  of  the  other  property  and  its 
owners;  while  the  owners  of  the  other  property,  called  the 
dominant  tenement,  are  invested  with  certain  privileges  over  the 
servient  tenement  not  naturally  belonging  to  them,  qua  owners. 
Thus,  in  the  servitude  of  way  the  dominant  tenement  and  its 
owners  enjoy  a  certain  use  of  the  servient  tenement  to  which  they 
are  not  naturally  entitled,  and  from  which  the  owners  of  the 
servient  tenement  would,  but  for  the  right-of-way,  be  entitled  to 
debar  them.      Reinvest  the  owners  of  the  servient  tenement 
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with  their  full  natural  rights  as  owners,  and  you  annihilate  the 
servitude. 

Again,  in  the  servitude  of  light  and  air,  the  owners  of  the 
servient  tenement  are  restrained  from  some  of  the  uses  to  which, 
but  for  the  servitude,  they  would  naturally  as  owners  be  entitled 
to  put  the  property,  namely — from  erecting  buildings  on  their 
ground  of  such  a  character  as  to  interfere  with  the  lights  of  the 
dominant  tenement ;  while,  on  the  other  hand,  the  owners  of  the 
dominant  tenement  are  protected  in  the  permanent  enjoyment  of 
light  and  air  which,  but  for  the  servitude,  would  be  precarious, 
and  dependent  upon  the  non-interference  of  the  owners  of  the 
servient  tenement.  Reinstate  each  set  of  owners  in  their  bare 
natural  rights  as  owners,  and  again  you  annihilate  the  servitude. 

But  while  in  one  sense  servitudes  are  not  rights  of  ownership, 
they  are  incidents  of  ownership.  They  are  founded  on  it,  and 
derived  from  it.  Every  owner  has  it  in  his  right  to  create  servi- 
tudes over  his  property  at  will,  and  that  right  belongs  to  him 
alone.  No  servitude  can  ever  come  into  being  without  the  consent, 
express  or  implied,  of  the  servient  owner ;  nor  after  being  con- 
stituted can  the  servitude  ever  be  extinguished  without  the 
consent,  express  or  implied,  of  the  dominant  owner,  for  the 
element  of  perpetuity  is  one  of  the  leading  characteristics  of  all 
8ervitude&  A  right  of  cutting  timber,  for  example,  has  been 
denied  the  character  of  a  servitude,  because  its  permanence 
depends  upon  the  industry  of  the  servient  proprietor  in  planting 
trees  to  take  the  place  of  the  timber  taken  away ;  whereas  a  right 
to  gather  kelp  weed  from  the  sea-shore  has  been  admitted  a  servi- 
tude, in  respect  that  the  perpetual  supply  of  such  weed  is  maintained 
by  the  sea  and  its  tides  without  the  aid  of  human  industry. 

Keeping  in  view,  then,  the  fundamental  principle  that  every 
servitude  is  founded  upon  the  consent,  express  or  implied,  of  the 
servient  owner,  the  next  question  is — In  what  modes  may  that 
consent  be  given,  so  as  to  infer  in  law  the  constitution  of  a 
servitude  ? 

The  6rst  and  most  obvious  mode  of  constitution  is  eocpresa 
grant.  Thus,  two  tenements  originally  formed  part  of  one  pro- 
perty. The  owner,  on  selling  one  of  them,  may,  in  the  disposition 
to  the  purchaser,  have  either  reserved  a  servitude  over  the  portion 
sold  in  favour  of  the  portion  retained,  or,  conversely,  may  have 
granted  over  the  portion  retained  a  servitude  in  favour  of  the 
portion  sold.     Or,  again,  the  two  tenements  having  been  separate 
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prior  to  the  constitution  of  the  servitude,  the  owner  of  the 
servient  tenement  may,  by  agreement  with  the  owner  of  the 
dominant  tenement,  or  by  unilateral  deed,  have  given  a  written 
grant  of  servitude  By  whichever  of  these  modes  of  express  grant 
the  servitude  is  to  be  constituted,  it  is  essential  that  the  grant  be 
in  writing,  and  that  it  be  holograph  or  tested.  A  verbal  agree- 
ment will  not  do.  If  the  grant  be  in  writing  as  described,  nothing 
further  is  required  in  the  case  of  a  negative  servitude,  such  as  a 
servitude  of  light.  In  the  case  of  positive  servitudes,  however, 
the  writing  will  not  of  itself  suffice  until  it  has  been  followed 
either  by  possession  of  the  servitude,  or  by  registration  of  the 
writing  in  the  Register  of  Sasines. 

This  division  of  servitudes  into  positive  and  negative  demands 
here  a  word  of  explanation.  A  positive  servitude  is  one,  the 
exercise  of  which  by  the  dominant  owner  involves  a  state  of 
matters  on  the  servient  tenement  which  the  owner  of  the  latter 
would,  but  for  the  servitude,  be  entitled  to  interdict  or  alter,  by 
an  action  at  law  against  the  owner  of  the  dominant  tenement. 
Of  positive  servitudes  we  have  good  examples  in  the  right-of-way 
and  in  the  right  to  drain  one  tenement  through  another.  The 
exercise  of  these  and  similar  servitudes  involves  a  positive  en- 
croachment or  intrusion  upon  the  servient  tenement,  and  our  law 
distinguishes  •  them  as  positive  servitudes.  Other  servitudes  there 
are,  however — the  servitude  of  lights,  for  example, — which  involve 
no  such  intrusion  or  encroachment  on  the  servient  tenement,  and 
these  are  called  negative  servitudes.  In  their  enjoyment  the 
dominant  owner  does  nothing  he  might  not  do  independently  of 
any  servitude,  or  which  could  subject  him  to  an  interdict  or  other 
action  at  the  instance  of  the  servient  owner.  Thus,  in  the 
servitude  of  light  the  owner  of  one  tenement  builds,  we  shall  say, 
up  to  the  boundary  of  his  property,  and  leaves  a  window  in  the 
wall  overlooking  the  adjoining  tenement.  All  this  he  is  perfectly 
entitled  to  do,  and  frequently  does,  without  any  servitude  and 
without  asking  or  obtaining  the  consent  of  the  servient  owner. 
He  is  in  no  way  intruding  upon  or  interfering  with  the  servient 
tenement  The  very  light  and  air,  which  are  the  subject  of  the 
servitude,  can  in  no  true  sense  be  said  to  be  drawn  from  the 
servient  tenement  They  do  not  diminish  the  supply  available 
to  the  servient  tenement.  They  are  simply  the  light  and  air,  or 
part  of  them,  which  the  dominant  tenement  would  have  enjoyed 
although  its  owner  had  never  built  at  all.     What,  then,  is  the 
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ai  tliis  negitiTe  serritade  to  the  dominant  owner!  Sim{^j 
this,  it  inTeste  him  with  a  right  to  restrain  the  senrient  owner 
from  interfering  with  the  lights  in  question. 

I  hare  already  stated  that  an  express  <^ranf  of  a  positive 
senitiide  is  indioate  and  incomplete  until  it  has  been  intimated 
to  the  public  and  all  concerned,  either  by  registration  in  the 
liegistiy  oi  Sasines  or  by  overt  possession  and  exercise  of  the 
the  servitude  by  the  dominant  owner.  The  rule  is  different  in 
the  case  of  negative  servitudes.  In  these  expre^  ^rani  is  sufficient 
in  itseH  Not  only  is  the  servitude  which  it  creates  of  such  a 
character  as  obviously  to  be  in  the  genei^  case  incapable  of  overt 
possession,  but  the  grant  itself  does  not  require  to  be  recorded  in 
the  Roister  of  Sasines.  Therefore  a  negative  servitude  which 
was  originally  contained  in  the  titles  of  the  servient  tenement 
was  in  nowise  impaired  by  having  disappeareii  from  them  for  40 
years,  there  having  been  no  contrary  possession  by  the  servient 
owner  and  no  prescription  of  immunity.  This,  undoubtedly,  is 
an  anomaly  in  our  law,  and  I  believe  it  would  be  for  the  public 
advantage  if  the  rule  were  altered,  and  grants  of  negative  ser- 
vitudes were  incomplete  and  ineffectual  until  recorded. 

Failing  express  grant,  the  next  mode  of  constituting  servitudes 
is  by  implied  grant.  The  Courts  appear  to  have  been  slow  to 
admit  implied  grant  as  a  mode  of  constituting  servitudes;  at  last, 
however,  they  did  admit  it  for  positive  servitudes.  Since  then  our 
writers  have  generally  agreed  in  maintaining  that  implied  grant, 
though  competent  in  the  case  of  positive  servitudes,  was  inapplicable 
and  incompetent  in  the  case  of  negative  servitudes.  Lately,  how- 
ever, as  we  shall  see,  the  Court  of  Session  has  apparently  been 
disposed  to  admit  implied  grant  as  a  mode  of  constitution  even  for 
the  servitude  of  light  and  air. 

The  only  circumstances  in  which  implied  grant  has  been  I'ecognized 
as  a  mode  of  constituting  servitudes  are  where  the  dominant  and 
servient  tenements  have  originally  belonged  to  one  proprietor,  who 
subsequently  either  conveyed  away  the  dominant  tenement,  re- 
taining the  servient  tenement,  or  conveyed  away  both  tenements 
simultaneously  to  different  individuals,  and  where  at  the  date  of 
the  disposition  of  the  dominant  tenement  the  servitude  in  question 
was  absolutely  essential  to  its  enjoyment,  or  at  least  was  necessary 
to  its  fair,  convenient,  and  comfortable  enjoyment. 

There  does  not  appear  ever  to  have  been  much  dispute  regarding 
cases  where,  in  the  above  circumstances,  the  servitude  in  question 
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was  absolutely  essential  to  the  enjoyment  of  the  dominant  tenement. 
The  owner  of  an  estate,  for  example,  who  has  conveyed  away  the 
minerals,  reserving  the  surface,  might  be  compelled  to  give  the 
granter  an  access  to  the  minerals  although  the  conveyance  were 
silent  on  the  point.  For  the  granter  to  refuse  such  an  access 
would  be  not  merely  to  derogate  from,  but  practically  to  nullify,  his 
own  grant.  Or  if  the  same  owner  were  to  sell  a  house  situate  in 
the  middle  of  his  estate  he  might,  without  any  express  stipulation 
in  the  disposition,  be  compelled  to  provide  the  purchaser  with  an 
access  to  and  from  the  house  and  the  nearest  highway.  Such  an 
access  is  termed  a  way  of  necessity.  It  is  hardly  a  servitude  right. 
It  might  almost  more  correctly  be  called  a  part  and  pertinent  of 
the  subject  conveyed,  and  the  rule  of  law  applicable  to  this  branch 
of  our  subject  is  obviously  supported  by  every  consideration  of 
equity  and  common  sense. 

An  illustration  of  the  principle  will  be  found  in  a  case  decided 
last  year,  namely — The  Union  Heritable  Securities  Company, 
Limited,  against  Mather,  3rd  March,  1886,  13  Ret  670.  This  case 
referred  to  a  block  of  buildings  at  Gorbals  Cross,  Glasgow.  The 
tenements  are  built  in  a  square,  the  fronts  facing  Main  Street, 
Gorbals  Cross,  Govan  Street,  and  Muirhead  Street,  while  the 
background  forms  a  common  square.  The  block  was  built  in 
two  lots,  A  and  B.  Through  B,  as  originally  constructed,  i*an  a 
pend  which  was  used  by  all  the  inhabitants  of  the  buildings,  and 
especially  by  the  tenants  of  lot  A  as  a  cart  entrance  to  bring 
in  flour  to  their  bakery.  After  some  years  the  disponee  of  lot 
B  attempted  to  shut  up  the  pend  although  no  other  entrance  of 
the  same  nature  and  value  to  lot  A  could  be  made,  except  by 
destroying  part  of  lot  A  to  make  a  new  pend.  The  Court  held 
that  as  the  pend  had  been  made  originally  for  the  use  of  the 
inhabitants  of  the  whole  square,  and  especially  for  the  convenience 
of  lot  A,  and  had  been  so  used,  there  was  a  way  of  necessity 
through  the  pend  which  the  proprietor  of  lot  B  could  not  shut  up. 

It  is,  therefore,  a  well-established  rule  that  where  the  proprietor 
of  an  estate  has  conveyed  away  a  portion  of  it,  to  the  enjoyment 
of  which  a  particular  servitude  over  the  remainder  of  the  estate  is 
absolutely  essential,  that  servitude  will  be  implied  by  law  although 
not  expressed  in  the  conveyance.  The  mere  granting  of  the  con- 
veyance is  sufficient  in  law  to  infer  the  consent  of  the  granter  to 
whatever  servitudes  may  be  absolutely  necessary  to  give  proper 
effect  to  the  conveyance. 
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Bat  cues  miglit  oocur  where  a  parciciikr  sermode,  while  not 
mbsolutelj  essentuJ  to  the  grantee's  enioyment  of  the  portion  of 
the  estate  conveyed  to  him,  might  vet  be  neoessarr  to  the  fur, 
oonTenient^  and  comfortable  enjoTment  of  it. 

To  sudi  cases  the  principle  of  implied  grant  was  extended  in 
Cochranes  r.  Ewart,  13th  Jan.,  1S60.  t'2  D.  S5S.  Affirmed 
25th  March,  1861,  23  D.  (H.  of  L.^  3.  Here  two  adjoining 
fens  at  Newton-Stewart  came  to  be  the  property  ci  one  man. 
The  one  feu  was  occupied  as  a  tanyard.  the  other  as  a  garden. 
The  proprietor  constmcted  in  the  garden  a  drain  and  cesspool 
for  the  accommodation  of  the  tanvard.  Some  time  afterwards 
he  sold  the  tanyard,  and  the  purchaser  continued  for  years  to 
me  the  drain  and  cesspool  Subsequently  the  garden  was  sold 
to  Ewart)  who  stopped  up  the  drain,  whereupon  this  action 
was  brought  to  have  him  ordained  to  restore  the  drain,  and  to 
have  it  declared  that  the  garden  was  bound  to  receiye^  as  hitherto, 
the  water  flowing  from  the  tanyard.  None  of  the  titles  made 
any  allusion  to,  or  threw  any  light  on,  the  question.  Lord 
Neaves  (Ordinary)  assoilzied  the  defender,  but  his  judgment  was 
recalled  by  the  First  Division,  who  declared  in  terms  of  the  con- 
clusions of  the  summons.  Lord  Deas,  who  delivered  the  judgment 
of  the  Court,  observed  that,  besides  express  grant  and  prescrip- 
tion, there  were  three  ways  in  which  such  a  servitude  might  be 
constituted :  (1)  If  it  can  be  shown  that  the  water  follows  the 
natural  declivity  of  the  ground;  (2)  if  there  can  be  held  to  be  in 
the  dispositions  an  implied  grant;  and  (3)  rebus  ipsis  et  /actis,  if 
the  actings  of  the  parties  fairly  imply  and  recognize  the  existence 
of  the  right.  This  judgment  was  affirmed  on  appeal  to  the  House 
of  Lords.  Lord  Campbell,  however,  with  whom  the  other  judges 
concurred,  observed  that  the  judgment  proceeded  upon  the  prin- 
ciple of  implied  grant  alone,  constitution  of  a  servitude  rebtcs 
ipsis  et  factis  being  unknown  in  law,  and  this  not  being  a  natural 
servitude. 

Attempts  have  been  made  to  extend  the  principle  of  implied 
grant  to  cases  where  the  two  properties  having  belonged  orginally 
to  one  proprietor,  the  alleged  servient  tenement  was  on  severance 
disponed  first  in  order.  Thus,  in  an  American  case,  Pyer  v.  Carter, 
aist  Feb.,  1857,  1  H.  &  U.  916,  the  owner  of  two  villas  caused  the 
sewage  of  one  of  them  to  be  carried  off  by  a  drain  running  under 
the  floor  of  the  other,  which,  for  convenience  sake,  we  may  call  the 
servient  villa.    Thereafter  be  sold  the  other  also.    The  conveyance 


I7G  PIdlosopIucal  ^ucitly  oj  Ulasyow. 

made  no  reference  to  the  drain.  The  Court  held  that,  in  these 
circumstances,  a  servitude  of  drainage  had  been  constituted  over 
the  servient  tenement  by  implied  grant. 

The  authority  of  this  case  has  never  been  accepted  in  this 
country,  and  it  is  now  conclusively  settled  by  the  English  case, 
Wheeldon  v.  Burrows,  17th  June,  1879,  17  S.  K,  C.  D.  31,  that 
if  the  common  proprietor  intends  to  reserve  any  right  over  the 
tenement  first  conveyed  away  by  him  it  is  his  duty  to  reserve  it 
expressly  in  the  conveyance. 

The  question  whether  the  principle  of  implied  grant  should 
apply  to  negative  sei'vitudes  was  decided  in  the  affirmative  in  the 
case  Heron  v.  Gray,  27th  Nov.,  1880,  8  Ret.  155.  To  state  the 
circumstances  of  this  case  shortly,  but  with  practical  accuracy: — 
The  National  Heritable  Company  were  proprietors  of  the  house 
and  garden,  No.  1  Amiston  Place,  Edinburgh.  The  lower  flat  of 
the  house — the  windows  of  which  looked  out  upon  the  garden — 
they  sold  to  Heron.  The  conveyance  contained  no  express  servitude 
of  light  in  favour  of  the  granter.  Subsequently  the  company  sold 
the  garden  and  the  upper  flat  of  the  house  to  Gray — the  con- 
veyance in  Gray's  favour  expressly  declaiing  that  there  was  no 
restriction  against  building  on,  and  no  right  of  servitude  afiecting, 
the  garden  groimd.  Heron  claimed  a  servitude  of  light  and  air  in 
virtue  of  implied  grant,  and  Gray,  with  the  view  of  testing  the 
question,  erected  a  wooden  screen  against  Heron's  windows,  so  as 
to  block  them.  The  action  was  thereupon  raised  in  the  Sherifif 
Court.  The  Sheriff*  held  that  there  was  no  servitude;  but,  on 
appealing  to  the  Second  Division,  this  judgment  was  reversed, 
the  Court  finding  that  there  was  an  implied  servitude  of  light) 
and  that  the  defender  Gray  was  not  entitled  to  cut  off  that  light. 

The  soundness  of  this  decision  has  been  a  good  deal  canvassed, 
although,  as  I  think,  on  insufficient  grounds,  and  it  seems  not  only 
to  be  consistent  with  the  general  rule  applicable  to  flatted  houses, 
namely — that  the  proprietor  of  the  street  flat  and  solum  is  not  entitled 
to  interfere  with  the  lights  of  the  upper  flats,  and  vice  versa^  but  it 
also  seems  to  receive  considerable  support  fi'om  the  more  recent 
case,  The  Commissioners  of  Supply  of  Argyleshire  v.  Campbell,  10th 
July,  1885,  12  Ret.  1255.  The  pursuers  in  this  case  had  feued 
from  Macfio  of  Airds  in  1863,  a  plot  of  ground  in  Oban  for  their 
Court-Houses  and  County  Buildings.  The  ground  was  described 
in  the  charter  as  bounded  on  the  north  by  a  private  lane  belonging 
to  the  superior.      It  was  an  express  condition  of  the  feu  that 
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within  three  jears  the  proposed  buildings  should  be  erected  in 
conformity  with  plans  to  be  submitted  and  approTed  of  by  the 
superior.  The  charter  gave  the  Commissioners  no  servitude  of 
light  or  access  over  the  lane.  The  plans,  however,  submit  te<i  to 
the  superior  in  terms  of  the  charter  as  already  quoted,  showed  not 
only  an  entrance  from  the  main  street,  but  also  a  door  of  access 
fitvm  the  lane,  and  a  large  window  looking  into  the  lane.  This 
wms  not  objected  to  by  the  superior;  and  buildings  were  oi^ected 
in  conformity  with  the  plans.  Fourteen  years  later  the  superior 
feaed  the  adjoining  ground,  including  the  aforesaid  pri^'ate  lane, 
to  Doctor  Campbell,  of  Oban.  The  feu  charter  in  Campbell's 
favour  specially  excepted  and  reserved  the  rights  of  the  public, 
and  reserved  '*  also  to  the  adjoining  feuars  their  rights  of  access  by 
the  lanes,  and  the  whole  rights  and  privileges  which  they  at  pre- 
sent possess  in  connection  with  the  subjects  above  dis}>oned.''  The 
danse  of  warrandice  declared  that  *'  this  warrandice  shall  apply 
to  the  solum  of  said  lanes  only  in  so  fsir  as  the  rights  of  the  public 
and  the  adjoining  feuars  are  not  thereby  prejudiced,  which  rights 
are  spedaUy  reserved.^  Campbell  proposed  to  build  over  the  lane, 
leaving  a  pend  for  access  to  it.  The  Court  granted  interdict 
of  these  proceedings  on  the  ground  that  the  Commissioners  liad 
established  a  servitude  of  light  as  well  as  of  access  over  the  lane, 
and  that  their  light,  though  not  their  access,  would  bo  injuriously 
affected.  The  position  of  those  who  would  question  the  authority 
of  Heron  v.  Gray  is  that  a  negative  servitude  cannot  bo  constituted 
except  by  express  grant.  The  reservation,  however,  in  Doctor 
Gampbell's  titles  cannot  be  called  an  express  grant  That  reserva- 
tion never  mentions  a  servitude  of  light.  It  simply  reserves  to 
the  adjoining  feuars  their  previously -existing  rights.  The  superior's 
acquiescence  in  the  Court-Houses  plan  cannot  bo  called  an  express 
grant — ^such  a  plea  seems  to  have  been  rejected  in  Blair  t\ 
Dundas,  12th  March,  1886,  infra, — and,  finally,  there  was  no  ex- 
press grant  in  the  Commissioners'  title.  We  must,  therefore,  hold 
that  the  judgment  in  the  Oban  case  recognised  in  effect  the  doctrine 
of  implied  grant  as  applicable  to  negative  servitudes,  and  this 
seems  consistent  with  reason  and  equity.  For,  if  equity  demands 
in  certain  circumstances  the  implication  of  a  servitude  of  way  or 
drainage,  it  must  in  the  same  circumstances  equally  demand  the 
implication  of  a  servitude  of  light,  if  that  servitude  be  no  less 
essential  to  the  fair  enjoyment  of  the  dominant  tenement. 

The  only  other  way  of  constituting  servitudes  according  to  the 
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law  of  Scotland  is  by  prescription,  and  this  mode  is  applicable 
only  to  positive  servitudes.  A  negative  servitude,  such  as  the 
servitude  of  light,  cannot  be  constituted  by  prescription. 

Prescription  is  a  doctrine  which  was  familiar  to  the  Romans, 
and  which  has  been  adopted  into  every  subsequent  system  of 
jurisprudence.  It  results  from  the  connection  between  ownership 
and  possession,  and  it  is  grounded  on  abandonment  or  acquiescence. 
The  period  of  prescription  is  arbitrary,  and  varies  in  different 
countries.  In  England  the  period  appears  to  be  twenty  years. 
In  Scotland,  till  recently,  forty  years  was  the  prescriptive  period, 
and  though,  by  the  Conveyancing  Act  of  1874,  the  period  was 
shortened  to  twenty  years  for  general  purposes,  it  still  remains 
forty  yeara  so  far  as  regards  servitudes.  Thus,  where  a  proprietor 
has  for  forty  yeara  permitted  the  use  of  a  road  over  his  property 
to  an  adjoining  proprietor,  the  law  will  presume  a  servitude  or 
right-of-way  in  favour  of  the  latter,  although  there  be  no  other 
grant,  express  or  implied ;  and  this  presumption  will  not  be  over- 
come by  the  fact  that  the  road  has  been  used  in  the  face  of  a 
notice  forbidding  trespassers.  The  same  rule  will  apply  to  all 
other  positive  servitudes.  There  is  in  all  such  cases  direct 
acquiescence  in,  and  consent  to,  the  servitude  on  the  part  of  the 
servient  owner.  At  any  time  during  the  forty  years  he  could 
have  interrupted  the  servitude  by  an  action  of  interdict;  and 
there  could  be  no  stronger  proof  of  his  acquiescence  in  the  servitude 
than  the  fact  that  no  such  action  has  been  taken. 

In  England,  as  we  are  informed  in  the  communication  from  the 
Institute,  prescription  applies  to  negative  servitudes  in  the  same 
way  as  to  positive  servitudes. 

This  in  Scotland  is  regarded  as  a  total  misapplication  of  pre- 
scription. The  circumstances  of  a  negative  servitude  afford  no 
ground  for  inferring  acquiescence  on  the  part  of  the  servient 
owner.  Take,  for  example,  the  servitude  of  light  When  an 
owner  builds  his  house  on  his  own  property,  but  with  windows 
overlooking  his  neighbour's  property  and  deriving  light  from  it, 
he  does  not  obtain  his  neighbour's  consent.  No  such  consent  ia 
required.  There  is  no  encroachment  on,  or  intrusion  into,  the 
neighbour's  property,  and  the  neighbour  himself  has  no  legal 
ground  of  complaint,  or  action  at  law,  against  an3rthing  that  has 
been  done.  Neither  does  the  neighbour  abandon  his  own  pro- 
perty. On  the  contrary,  during  the  period  of  prescription  he 
remains  in  full  possession  of  his  property,  discharging  every  duty 
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and  right  legallj  incambenc  oa  him.  as  owner,  whether  to  the 
public  or  their  adjotning  propriecors^  The  boilder,  on  the  otlier 
hand,  daring  the  prescriptive  period  has  possession  of  nothing 
bat  his  own  propertr.  In  parcicolar,  and  bj  hjpothesis.  the 
bailder  has  daring  the  coarse  of  tbe  prescripciTe  period  no  rights 
express  or  implied,  to  restrain  his  neighboar  from  bailding  so  as 
to  interfere  witb  the  lights  in  qaesti<»L  Bat  this  rights  and  this 
alone,  oonstitates  tbe  seiritade  of  lights^  The  result  of  the 
Knglish  rale  is  that  it  applies  the  principle  of  prescription  to 
cases  where  there  has  been  no  possession  daring  the  prescriptive 
period  on  the  part  of  the  dominant  owner,  and  it  deprives 
owners  of  their  rights  of  property  in  circamstances  which  make 
it  involve  meaningless  confiscation. 

In  Scotland,  therefore,  we  regard  the  English  rale  as  unsoand 
in  principle,  and  immemorial  authority  has  established  in  Scotland 
the  rale  that  no  negative  servitude  can  be  established  by  pre- 
scription. I  need  not  quote  any  case  in  support  of  so  familiar  a 
propositioD,  but,  for  the  purpose  of  illustration,  I  may  refer  to 
a  recent  case  where  that  principle  guided  the  decision  of  the 
Court  The  case  I  refer  to  is  Blair  r.  Dundas,  12th  March, 
1886,  13  Bet.,  759.  The  Edinburgh  Assembly  Booms  were  built 
in  1786  on  part  of  the  extended  royalty  of  the  city  of  Edin- 
burgh, then  being  feued  out  by  the  magistrates.  The  charter  to 
the  trustees  was  granted  three  years  later,  namely,  in  1789.  The 
biuldings  covered  the  whole  feu  except  passages  at  either  side  of 
the  buildings,  which  passages  were  used  for  carriages,  &c.  After 
the  Assembly  Booms  had  been  built,  but  before  tlie  Trustees  had 
obtained  their  charter,  the  Magistrates  feued  the  adjoining  stance 
to  John  Brough,  wright.  His  charter  was  dated  1787,  and 
described  his  feu  as  bounded  **  on  the  west  by  the  east  passage 
into  the  Assembly  Booms."  Shortly  before  the  date  of  this 
charter,  Brough  had  erected  upon  this  stance  a  four-storeyed 
tenement  with  certain  of  its  windows  looking  into  the  space  left 
vacant  as  a  passage  at  the  side  of  the  Assembly  Booms.  No 
right  of  servitude  in  favour  of  Brough  appeared  either  in  his 
charter  or  in  that  of  the  Assembly  Booms.  In  1863  Bobert 
Blair,  being  then  proprietor  of  the  stance  feued  by  Brough, 
obtained  warrant  from  the  Dean  of  Guild  for  certain  alterations 
which,  inter  alia,  involved  making  a  new  window  looking  into 
the  passage.  The  plan  was  submitted  to  the  directors  of  the 
Assembly  Booms,  and  their  secretary,  Mr.  Stewart,  endoi^sed  it — 


180  Philosophical  Society  of  Glasgow. 

"  We  agree  to  the  alterations  proposed — For  the  directors  of 
the  Assembly  Rooms,  John  Stewart,  Secy."  In  1885  the 
Trustees  of  the  Assembly  Rooms  proposed  to  close  up  the  passage 
before  referred  to,  and  to  make  certain  alterations  on  their 
property,  which  would  have  had  the  effect  of  blocking  up  live  of 
Blair's  windows.  Blair  brought  the  matter  into  Court,  alleging, 
in  addition  to  the  facts  already  stated,  that,  in  accordance  with  a 
resolution  of  1782  that  the  plans  should  be  approved  of  before  a 
feu  was  granted,  the  plans  of  both  properties  had  been  exhibited  to, 
and  approved  of  by,  the  Town  Council,  before  the  granting  of  the 
respective  charters,  and  formed  a  condition  of  the  granting  of  the 
feu  charters,  and  that  Brough's  feu  was  granted  prior  to  that  of  the 
Assembly  Rooms.  At  this  time  Blair  and  his  predecessors  had 
enjoyed  the  light  for  100  years.  The  Court,  after  a  proof,  held  that 
Blair  had  failed  to  prove  any  implied  grant  of  servitude,  and  that 
the  alleged  sei-vitude  of  lights  being  of  a  negative  character,  could 
not  be  acquired  by  prescription.  Tlie  Court  therefore  refused 
Blair's  appeal. 

Very  similar  to  rights  of  servitude  are  those  rights  connected 
with  mutual  gables,  and  with  that  class  of  tenement  property  the 
several  flats  of  which  are  owned  by  different  proprietors.  The 
late  Lord  Jeffrey  regarded  the  builder  of  a  mutual  gable  "as  sole 
proprietor  of  the  gable  with  a  kind  of  conventional  servitude 
provided  in  favour  of  the  party  who  comes  to  build  on  the 
adjoining  stance  to  have  right  to  one-half  on  paying  the  party  who 
built  it,  or  the  party  to  whom  he  may  have  conveyed  it."  Hunter 
V,  Luke,  8  D.,  790.  On  the  other  hand,  the  rights  to  support 
and  to  light  and  air  possessed  by  the  proprietors  of  the  upper  flats 
of  a  tenement,  as  against  the  lower  proprietors,  may,  from  their 
resemblance  to  the  serviitts  oneris  ferendi  and  the  servittis  luminum, 
be  taken  as  illustrations  of  how  closely  the  law  of  tenements  is 
allied  to  the  law  of  servitudes.  A  reference  therefore  to  those 
two  subjects,  namely — Mutual  Gables  and  the  Law  of  Tenement, 
may  perhaps  be  regarded  as  not  out  of  place  in  the  presei^t  paper. 

The  mutual  gable  common  amongst  ourselves  is  an  equally 
familiar  object  in  the  towns  of  the  Continent  and  of  the  United 
States.  It  was  well  known  to  the  Romans,  and  from  them  much 
of  our  law  on  the  subject  is  derived. 

Strictly  speaking  a  mutual  gable  is  not  a  gable.  A  gable  is  the 
end  outside  wall  of  a  building.  A  mutual  gable,  on  the  other 
hand,  is  simply  the  division  wall  between  two  tenements,  and  as 
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such  it  ought  to  contain  the  vents,  presses,  and  other  conveniences 
required  in  such  division  walls.  When  the  two  tenements  are 
erected  at  different  times,  this  division  wall  requires  to  serve 
temporarily  as  a  gable  to  the  tenement  first  built.  Such,  however, 
is  not  its  ultimate  purpose.  It  is  not  a  gable.  It  is  an  inside  or 
division  wall.  It  is  a  part  of  the  tenement  second  erected  quite 
as  much  as  it  is  a  part  of  the  tenement  first  erected.  In  other 
words,  before  the  second  proprietor  comes  to  erect  his  tenement, 
this  part  of  the  work — namely,  the  division  wall — is  done  for  him 
by  his  neighbour,  and  the  consequence  is  that  when  the  second  pro- 
prietor erects  his  tenement  and  uses  that  wall,  he  is  compelled  to 
pay  his  share  of  the  cost.  As  the  mutual  gable  belongs  to  both 
tenements,  it  ought  to  be  built  on  the  boundary  line  betwixt  the 
two  feus,  one  half  of  its  thickness  being  on  either  side  of  the  line. 
This,  obviously,  is  no  encroachment  on  the  second  feu.  On  the 
contrary,  there  would  be  an  encroachment  on  the  first  feu  if  the 
entire  gable  were  built  upon  that  feu. 

The  question  of  how  far  the  builder  of  the  first  tenement  is 
entitled  to  erect  a  mutual  gable  without  the  consent,  express  or 
implied,  of  his  neighbour,  was  considered  in  Begg  v.  Jack,  10th 
Jan.,  1874,  1  Ret.  366.  There  the  proprietor  of  a  suburban  piece 
of  ground  took  down  the  whole  garden  wall  which  formed  the 
boundary  of  his  property,  and  on  its  site  erected  the  mutual  gable 
of  a  four-storey  tenement  then  in  course  of  erection  by  him  on  his 
property.  This  was  done  not  only  without  the  consent  of  the 
adjoining  proprietor,  but  actually  whilst  negotiations  were  going 
on  as  to  the  terms  on  which  he  would  give  consent.  These  negotia- 
tions fell  through,  whereupon  the  adjoining  proprietor  applied  to 
the  Court  to  remove  the  gable  and  restore  the  garden  wall,  or 
alternatively  for  damages.  In  delivering  judgment.  Lord  Gifford 
stated  that  in  his  view  "  in  rural  subjects  when  the  lands  of  the 
parties  are  divided  by  mutual  fences,  whether  walls  or  hedges,  the 
proprietor  of  one  of  the  subjects  has  no  right,  without  his  neigh- 
bour's consent,  to  remove  these  fences,  and  insist  upon  erecting  a 
gable,  one  half  upon  his  neighbour's  property.  In  like  manner, 
where,  even  in  a  street,  a  church  has  been  built  entirely  within  its 
own  ground,  I  do  not  think  adjoining  proprietors,  apart  from 
contract,  express  or  implied,  can  insist  upon  building  the  gables 
of  their  houses  one  half  upon  ground  belonging  to  the  church, 
although  the  church  and  its  proprietors  can  never  take  benefit 
from  such  gables  as  mutual  gables.''    The  Court,  in  the  special 
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circumstances  of  this  case,  did  not  order  the  removal  of  the  mutual 
gable,  but  they  deprived  the  builder  of  the  gable  of  his  claim  for 
half  its  value,  and  authorised  the  adjoining  proprietor  whose 
ground  had  been  unwarrantably  encroached  upon  to  use  the  gable 
without  payment  of  any  part  of  its  cost.  Thus,  the  builder  of  the 
tenement  got  off  very  easily.  But  in  the  subsequent  case,  Graham 
V,  The  Kirkcaldy  Magistrates,  26th  July,  1882,  9  Ret.  H.  L.  91- 
92,  indications  were  not  awanting  to  show  that  had  Jack's  case 
gone  to  the  House  of  Lords  the  gable  would  have  been  takm 
down. 

The  only  qualification  of  the  rule  established  by  these  cases  is 
that  the  consent  of  the  neighbouring  proprietor  may  be  inferred 
from  circumstances,  and  is  implied  by  the  custom  of  all  burghs. 
Lamont  v.  Gumming  (vide  infra). 

One  of  the  leading  cases  in  regard  to  common  gables  is  that  of 
Law  V.  Monteith,  30th  Nov.,  1855,  18  D.  125.  Hutchison  &  Son, 
timber  merchants  in  Glasgow,  owned  two  steadings  on  the  north 
side  of  Garacadden  Street,  one  of  which  they  sold  to  Lorimer  & 
M*Gowan,  retaining  the  other.  Lorimer  &  M*Gowan,  on  their 
steading,  erected  a  tenement  with  mutual  gable  adjoining  the 
stance  retained  by  Hutchison  &  Son.  Thereafter  the  tenement 
was  sold  by  Hutchison  &  Son  to  David  Law.  The  latter  proceeded 
to  erect  a  tenement  on  his  stance,  whereupon  Monteith's  trustees 
claimed  from  him  the  half  expense  of  the  mutual  gable.  The 
case  came  into  Court,  and  the  following  points  were  decided  : — 

(1.)  The  original  builder  was  entitled  to  pass  over  the  boundary 

without  encroachment. 
(2.)  The  right  to  claim  half  the  expense  of  the  gable  required  no 

express  agreement  but  inhered  in  the  subjects. 
(3.)  Being  a  real  right,  the  claim  was  available  to,  and  against, 

singular  successors. 
(4. )  Though  the  claim  came  into  existence  with  the  original  building 

of  the  gable,  it  only  emerged  as  an  active  claim  for  payment 

when  the  adjacent  site  actually  came  to  be  built  upon  and 

the  gable  appropriated. 

Supposing  the  gable  to  be  built  between  two  stances,  both  of 
which  belong  to  the  builder  of  the  gable,  who  sells  the  occupied 
stance,  and  proceeds  to  build  upon  the  vacant  stance  and  to  use 
the  gable,  the  claim  for  half  the  value  of  the  gable  will  be  good 
against  him  in  the  same  way  as  if  he  were  a  stranger   The  Glasgow 
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Royal  Infirmary  v,  Wyllie,  15th  June,  187T,  4  Ret,  894.  The 
defenders  in  this  case  were  the  Trustees  of  the  Baptist  Chapel 
in  Cambridge  Street,  Glasgow.  The  pursuers  (the  Infirmary)  were 
the  proprietors  of  the  tenement  adjoining  the  chapel.  The  two 
stances  on  which  the  properties  were  built  had  at  one  time  both 
belonged  to  the  same  proprietor.  Sharp,  who  built  the  Infirmary's 
tenement  with  a  mutual  gable  betwixt  it  and  the  other  subject, 
and  then  conveyed  it  to  the  Infirmary's  author.  Subsequently 
Sharp  sold  the  adjoining  ground  to  the  party  who  sold  it  to  the 
Baptist  congregation.  The  latter  had  occupied  the  ground  with 
temporary  erections,  namely — two  sheds  and  a  one-storey  stable, 
with  a  flue  against  the  mutual  gable.  When  the  chapel  began  to 
be  built  the  Infirmary  put  in  a  claim  for  half  the  mutual  gable. 
The  claim  was  resisted,  but  the  Court  sustained  it,  notwithstanding 
the  temporary  use  which  had  previously  been  made  of  the  gable, 
and  notwithstanding  the  circumstance  of  the  gable  having  been 
built  by  Sharp  before  severance  of  the  two  properties. 

In  Sinclair  r.  Brown  Brothers,  17th  Oct.,  1882,  10  Ret.  45, 
temporary  buildings  whose  roof  rested  wholly  upon  pillars,  and 
which  only  touched  the  gable  by  a  rhone  in  front,  were  held  not 
to  subject  the  proprietor  to  liability  for  the  gable. 

This  case  also  illustrates  how  the  second  proprietor  may  be 
called  on  sometimes  to  pay  his  share  of  the  gable  even  before  he 
begins  to  build.  Of  two  stances,  the  eastmost  was  given  ofi*  first 
to  Sinclair,  who,  by  his  feu  contract,  was  bound  to  build  with  a 
mutual  gable  between  his  stance  and  the  other,  with  right  of 
recourse  against  his  neighbour  for  half  the  cost.  Nothing  was 
said  in  the  feu  contract  as  to  the  date  when  the  claim  was  to 
emerge.  The  other  stance  was  feued  by  Brown,  whose  feu  contract 
referred  to  this  mutual  gable  as  already  built,  and  bound  him  to 
pay  half  the  cost,  nothing  being  said  of  the  date  of  payment.  The 
Court  held  that  by  the  terms  of  the  feu  contracts  the  second  feuar 
was  bound  to  pay  for  the  gable  whether  he  used  it  or  not,  and 
therefore  that  the  amount  became  payable  at  the  date  of  the  second 
feu  contract. 

A  somewhat  kindred  case  was  that  of  Ness  v.  Ferries,  May  13, 
1825,  4  S.  7.  By  the  feuing  condition  of  the  property  of  Drum- 
sheugh,  Edinburgh,  it  was  stipulated  that  the  feuar,  upon  building 
his  house  with  a  mutual  gable,  should  have  recourse  against  the 
feuar  of  the  lot  adjoining  such  mutual  gable,  so  soon  as  the  same 
should  be  feued,  for  half  the  expense  thereof,  according  to  the 


181  Philosophical  Society  of  Gtasgoto. 

valuation  of  the  pursuer's  architect  By  the  plan  the  houses  in 
the  centre  and  at  each  end  of  the  street  were  to  be  higher  than 
those  adjacent  to  them.  Ness  feued  one  of  the  centre  stances, 
and  built  thereon  a  house  four  storeys  high.  Ferries  feued  the 
adjoining  stance,  and  built  thereon  a  house  which  was  only  three 
storeys  high.  The  Court  found  Ness  entitled  to  half  the  value  of 
the  gable  of  four  storeys.  This  decision,  however,  was  come  to 
solely  upon  the  terms  of  the  feu  contract.  The  custom  of  Edinburgh 
was  alleged  and  apparently  admitted  to  be  that  mutual  gables 
were  paid  for  according  to  the  extent  of  the  mutual  possession, 
and  there  seems  no  doubt  that  but  for  the  special  terms  of  the 
feu  contract  Ferries  would  have  been  held  not  liable  for  the  half 
of  the  gable  beyond  three  storeys. 

Coming  to  the  amount  to  be  paid  for  the  use  of  the  mutual 
gable,  cases  are  frequent  where,  as  in  Sinclair  v.  Brown  Brothers 
and  Ness  v.  Ferries,  both  before  mentioned,  the  amount  is  regu- 
lated by  the  parties'  titles.  In  both  of  the  cases  I  have  just 
referred  to  the  amount  was  assessed  at  half  the  original  cost  of 
the  gable. 

A  corollary  from  what  I  have  said  as  to  the  nature  of  the  mutual 
gable  would  seem  to  be,  that  in  cases  at  least  where  the  second 
proprietor  is  bound  for  half  the  original  cost,  the  builder  of  the 
mutual  gable  is  bound  to  erect  it  in  a  reasonable  and  usual  and 
tradesmanlike  manner,  and  with  a  due  regard  to  the  convenience 
and  probable  plans  of  his  neighbour.  Mutual  advantage  and 
economy  are  the  basis  of  the  whole  arrangement,  and  if,  through 
any  disregard  of  the  rules  referred  to,  unnecessaiy  expense  is 
occasioned  to  the  second  proprietor,  that  expense  ought  to  be 
borne  by  the  party  occasioning  it.  This  was  not  decided  in  the 
case  Lament  v,  Cumming,  yet  to  be  refeiTed  to,  but  it  is  quite  in 
accordance  with  the  opinions  delivered  by  the  judges  in  that  casa 

It  should  here  be  remarked  that  half  the  cost  of  the  gable  must 
always  mean,  not  necessarily  the  actual  cost,  but  rather  the  sum 
which  competent  men  valuing  the  gable  would  assess  as  the  fair 
proportion  to  be  paid  by  the  second  proprietor.  In  other  words, 
**  cost "  for  this  purpose  is  synonymous  with  "  value,"  the  second 
builder  having  nothing  to  do  with  any  exceptional  cost  which  the 
first  builder  may  have  been  committed  to  by  his  extravagance, 
folly,  or  misfortune.  The  second  builder,  for  example,  has  no 
concern  with  any  extra  expense  which  the  first  builder  may  have 
incurred  in  re-erecting  a  portion  of  the  gable  blown  down  by  a 
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liarricane  daring  its  erection,  or  destroyed  by  fire  after  its  completion 
but  prior  to  the  date  of  his  (the  second  proprietor)  taking  possession 
of  it 

Seeing,  then,  that  the  builder  of  the  gable  is  subject  to  the  sole 
liability  connected  with  risks  such  as  these  during  the  period 
between  the  date  when  the  gable  is  built  and  the  date  when  it 
comes  to  be  used  for  the  second  tenement,  it  may  be,  and  often  is, 
inquired  whether  he  undertakes  also  the  risks  of  a  fall  or  rise  in 
building  prices  and  gable  values  during  the  same  period.  In  other 
words,  is  the  cost  (i.e.,  the  value)  of  the  gable  to  be  taken  as  at 
the  date  of  its  being  built  or  as  at  the  date  when  it  falls  to  be  paid 
for  by  the  second  proprietor  1  I  have  little  doubt  that  the  latter 
alternative  contains  the  true  answer.  In  short,  the  builder  of  the 
gable  remains  sole  owner  of  the  same  until  it  comes  to  be  actually 
used  or  paid  for  by  his  neighbour.  Until  then  he  has  the  sole 
risk  and  control  of  the  gable,  and  he  may  repair,  alter,  or  demolish 
it  at  pleasure.  The  transaction  between  him  and  the  adjoining 
proprietor,  therefore,  when  the  gable  comes  to  be  used  for  the 
second  tenement,  is  practically  a  sale;  the  amount  to  be  paid  is 
the  price,  and  the  piice  ought  to  be  the  value  as  at  the  date  of  the 
sale.  This  view  of  the  matter  is  quite  consistent  with  the  legal 
authorities,  and  it  is  in  harmony  with  the  rule  which  makes  each 
proprietor  liable  (unless  in  special  cases)  only  for  that  portion  of 
the  gable  which  he  actually  uses.  Ness  v.  Ferries  (supra).  It 
accords  also  with  what  I  believe  has  been  for  many  years  the 
general  custom  in  Glasgow,  although  there  is  one  case  which 
appears  to  lend  support  to  the  opposite  view.  I  refer  to  The 
Glasgow  Royal  Infirmary  v.  Wyllie  (supra).  In  that  case,  which 
originated  in  our  local  Sheriflf  Court,  but  afterwards  was  carried  to 
the  Court  of  Session,  the  late  Sheriff  Clark  seems  to  have  held 
incidentally  that  the  amount  to  be  paid  for  the  use  of  the  gable 
was  half  the  original  cost  of  the  gable,  and  that  the  original 
cost  was  to  be  rated  at  two-thirds  of  the  ])resent  value.  The 
learned  Sheriff's  judgment  was  upheld  in  the  Court  of  Session, 
but  I  do  not  find  that  this  particular  point  was  made  the  subject 
of  argument  before  their  Lordships. 

Whether  or  not  the  view  I  have  taken  in  regard  to  this  be  the 
correct  one,  I  would  suggest  that  much  would  be  done  towards  a 
final  settlement  of  the  question  for  Glasgow  and  district,  were  this 
Society  to  collect  evidence  as  to  the  custom  of  the  district  and 
record  the  result  of  their  investigation,  along  with  a  resolution  that 
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the  custom  as  so  ascertained  should  be  recognised  and  formally 
adopted  by  the  Society. 

The  mutual  gable  is  the  common  property  of  the  proprietors  of 
the  two  tenements  to  which  it  belongs.  Two  leading  rules  in 
regard  to  common  property  in  general  are:  (1)  In  the  control  or 
management  of  the  property  no  co-owner  is  entitled  to  overbear 
or  ignore  the  resistance  of  the  other;  and  (2)  no  co-owner  can  be 
compelled  to  continue  the  community  against  his  wilL  Each 
owner  has  thus,  however  small  his  interest,  an  absolute  veto  upon 
any  proposed  innovation,  and  that  without  assigning  either  reason 
or  interest  for  his  action.  To  relieve,  however,  the  dead-lock  between 
co-owners,  which  in  numberless  cases  this  rule  would  bring  about^ 
the  second  rule  has  been  established,  giving  to  each  owner  an  abso- 
lute right  at  any  time  to  demand  a  division  of  the  subject  (if  it  be 
divisible),  or  a  sale,  followed  by  division  of  the  price  (if  it  be  not). 
One  peculiarity  of  the  mutual  gable  is  that  it  is  beyond  the  reach 
of  this  remedy  of  compulsory  division  or  sale.  It  is  incapable  of 
division,  and  the  only  way  to  sell  it  would  be  to  sell  the  tenements 
of  which  it  forms  part  Besides  this,  the  very  nature  of  a  common 
gable  obviously  infers  a  tacit  agreement  between  its  owners  that, 
notwithstanding  their  common  ownership,  each  owner  is  to  have 
the  exclusive  use  and  control  of  his  own  side  of  the  gable  so  long 
as  he  does  not  affect  the  stability  of  the  erection  or  interfere  with 
his  neighbour's  convenience  and  comfort.  These  considerations 
show  that  the  veto  applicable  to  the  ordinary  case  of  common 
property  can  only  be  applicable  in  a  limited  degree  to  common 
gables.  Of  these  there  are  illustrations  in  the  law  reports.  The 
case  of  Allan  <fe  Co.  v.  Glasgow  Union  Railway  (Winter  Session, 
1876-7),  referred  to  a  prominent  gable  in  St.  Enoch  Square,  and 
established  that  without  Allan  &;  Co.'s  consent  the  Railway  Com- 
pany were  entitled  to  use  their  own  side  of  the  gable  for  painting 
up  business  notices  and  advertisements. 

Lament  v.  Cumming,  11th  June,  1875,  2  Ret  784,  was  a  case 
from  Renfrew  in  which  the  builder  of  the  second  tenement,  finding 
that  the  mutual  gable  contained  neither  fireplaces,  vents,  nor  other 
usual  conveniences,  was  found  entitled  to  insert  joists,  to  convert 
a  recess  into  a  fireplace,  slap  out  a  vent,  and  raise  the  height  of  the 
gable  from  three  storeys  to  four.  The  pursuer,  who  was  the  owner  of 
the  first  tenement,  objected  to  these  proceedings,  and  pleaded  the 
right  of  veto  applicable  to  common  property ;  but  the  judges  of  the 
First  Division  declined  to  entertain  the  plea,  and  refused  to  interfere 
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with  the  oporadons  referred  ta  reserring  to  **  the  p«l^sQ^^  ahv 
pecnniarr  djim  competent  to  him  against  the  defender  in  nrapect  of 
his  making  use  of  the  said  gable.^  The  sequel  of  the  case  does  not 
appear  in  the  feport&  bat  I  have  no  doubt^  in  adjusting  the  amv>unt 
of  this  dainu  the  expense  of  the  operations  just  mentioned  would 
be  allowed,  so  far  as  extraordinary,  as  an  abatement  in  favour  of 
the  defender. 

We  hare  up  to  this  point  been  considering  mutual  gables  with 
reference  to  the  ordinary  case  where  each  tenement  is  owued^  not  in 
flata^  but  as  a  whole.  The  rules  on  the  subject  have  been  thought  to 
become  a  little  more  complex  when  one  or  both  tenements  are  owne^i 
in  flats,  one  prt^rietor  or  set  of  proprietors  owning  the  ground  door, 
another  the  floor  above,  and  so  on  up  to  the  roofl  lu  such  tene> 
ments  the  principles  of  common  property  have  been  found  insuffi- 
cient to  r^idate  the  rights  of  the  proprietors  inter  »v.  Accordingly, 
oar  law  has  recognised  a  principle  which  it  has  called  common 
interest ;  and  one  of  the  chief  divergences  between  the  eflfect  ot 
common  property  and  common  interest  is  this,  that  the  veto  which 
I  have  already  explained  as  arising  from  co-ownership  is,  in  cases 
of  common  interest,  not  competent  unless  the  party  objecting  can 
show  that  his  neighbour's  operations  are  injurious  or  likely  to  be 
injtirious  to  him.  I  think,  however,  that  while  this  distinction  is 
of  great  importance  in  regard  to  some  questions,  it  is  of  little 
importance  so  far  as  mutual  or  common  gables  are  concerned. 
These,  as  we  have  already  seen,  are  not  aflected  by  the  veto  of 
co-ownership  to  the  same  extent  as  most  other  common  property. 
It  is  diflicult,  if  not  impossible,  to  say  whether,  ajmrt  from  the 
terms  of  the  titles,  the  gables  and  mutual  gables  (containing  vents, 
Ac.)  of  flatted  tenements  are  held  in  common  or  severally  by 
the  proprietors  interested.  But  in  either  case  it  seems  clear 
Plough  that  the  right  of  the  several  pi*oprietors  in  such  gables 
will  be  regulated  by  practically  the  same  rules  as  regulate  the  use 
of  other  gables.  The  only  case,  therefore,  to  which  it  is  necessary 
here  to  refer  is  Gellatly  v.  Arrol,  13th  March,  1863,  1  Macp.  592. 
Here  the  owner  of  the  upper  flats  of  three  contiguous  tenements 
proposed  to  open  communication  between  his  flats  of  the  two  end 
tenements  and  his  flats  in  the  middle  tenement  by  slapping  out 
a  door  in  either  gable  of  the  latter.  One  or  both  of  these  vents 
interfered  with  the  vents  of  the  lower  heritor.  The  Court  ordered 
the  doors  to  be  built  up,  and  the  vents  restored  to  tlieir  former 
condition. 
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In  the  case  of  adjoining  tenements  owned  in  the  ordinary  way 
the  mutual  gable  is  the  only  point  of  contact  between  the  two 
properties,  but  in  tenements  owned  in  flats  or  other  subdivisions, 
the  points  of  contact  between  the  several  properties  are  multiplied, 
and  in  pai*tition  walls  and  mutual  floor-ceilings  we  And  mutual 
rights  of  ownership  so  closely  resembling  and,  as  I  think,  so 
strictly  analogous  to  those  we  have  been  discussing  in  the  case  of 
mutual  gables,  that  it  is  perhaps  unnecessary  further  to  refer  to 
them  in  detail.  Suffice  it,  therefore,  generally  of  such  partitions, 
mutual  floor-ceilings,  &c.,  to  say  that,  as  in  the  case  of  mutual 
gables,  so  in  their  case  (and  vice  versa)  the  rule-  may  be  Srccepted 
that  each  owner  is  obliged  to  avoid  injuring  the  subject  himself, 
and  to  look  after  the  preservation  of  it  with  the  same  care  as  if  it 
were  his  sole  property;  and  further,  that  he  is  entitled  to  prevent 
anything  being  done  by  a  co-proprietor  which  goes  beyond  that 
proprietor's  rights,  and  that  so  far  as  is  consistent  with  the  safe  and 
comfortable  enjoyment  of  the  subject  for  its  primary  purposes  by 
the  other  propiietors  interested,  each  proprietor  is  entitled  to  the 
sole  control  of  his  own  side  of  the  partition  or  floor-ceiling,  and 
this  not  so  much  on  the  principle  of  common  interest  as  on  the 
principle  of  common  property,  coupled  with  the  peculiar  character 
of  the  subject  itself.. 

Two  cases  may  be  mentioned  in  illustration  of  alterations  which 
have  been  prohibited  on  mutual  floor- ceilings,  the  one  case  being 
Walker  v.  Braidwood,  1797,  Hume  512,  where  a  proprietor  was 
interdicted  by  his  neighbours  from  cutting  away  any  part  of  the 
joi sting  so  as  to  weaken  the  barrier;  and  the  other  case  being  Gray 
V.  Greig,  18th  June,  1825,  4  Sh.  104,  where  a  proprietor  was  pre- 
vented from  endangering  the  floor-ceiling  by  removing  a  bearing 
partition  from  below  it  .  Similarly,  neither  proprietor  will  be 
entitled  to  carry  out  any  opei*ation  which,  by  increasing  the  risk 
of  fire  or  otherwise,  may  endanger  his  neighbours.  This,  how- 
ever, of  course,  is  a  general  proposition  not  confined  to  floor- 
ceilings. 

Passing  from  mutual  gables,  floor-ceilings,  <S^.,  to  the  common 
passage  and  stair  of  the  tenement,  these  have  been  held  to  be 
the  common  property  of  the  proprietors  served  by  them,  and  of 
such  proprietors  alone.  This  appears  to  have  been  the  ground 
of  judgment  in  Anderson  v.  Dalrymple,  1799,  M.  12,831.  In  that 
case  Dalrymple  and  others  were  proprietors  of  the  two  upper 
storeys  of  a  house  in  Princes  Street,  Edinburgh,  of  which  the 
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sank  storey  and  that  above  it  belonged  to  Anderson.  The  two 
upper  storeys  entered  by  a  stair  near  the  inner  extremity  of  a 
common  passage,  at  the  same  extremity  of  which,  too,  was  the 
street  entry  to  Anderson^s  property.  Anderson  having  converted 
a  front  room  of  his  house  into  a  shop,  proposed  to  strike  out  a 
door  to  it  from  the  passage.  This  was  objected  to  by  Dairy mple. 
The  Court  were  satisfied  that  the  latter  could  not  be  hurt  by  the 
alterations  objected  to.  Nevertheless,  the  opinion  of  the  Court 
was,  that  as  Dalrymple  had  a  right  of  common  property  in  the 
passage,  and  not  merely  a  servitude  oneris  ferendi  on  the  wall,  no 
alteration  whatever  could  be  made  on  it  without  his  consent. 
Precisely  the  same  question  occurred  again  in  Reid  v,  Nicol,  1799, 
M.  app.  No.  1,  when  Anderson's  case  was  reconsidered,  and  the 
judges  adopted  the  principle  of  that  decision,  and  on  that  ground — 
namely,  that  the  passage  was  common  property — refused  to  allow 
the  proposed  alterations. 

In  connection  with  the  common  passage  and  stair  we  have  several 
cases  which,  although  not  exactly  relevant  in  support  of  the  pro- 
position that  the  passage  and  stair  belong  solely  to  the  proprietors 
who  are  intended  to  be  served  by  them,  will  illustrate  the  prin- 
ciple that  a  right  of  common  interest  will  only  warrant  objection 
to  proposed  operations  which  prejudicially  affect  that  interest; 
whereas  (in  the  general  case  apart  from  gables,  <fec.)  a  right  of 
common  property  confers  on  each  owner  an  absolute  right  of  veto, 
irrespective  of  the  harmlessness  of  the  operation. 

In  the  case  of  Ritchie  r.  Purdie,  21st  June,  1833,  11  S.  771, 
two  contiguous  tenements  adjoining  the  East -End  Assembly 
Rooms,  Edinburgh,  and  consisting  each  of  several  storeys,  had 
one  entiy  from  the  street  and  one  staircase  in  common,  both  of 
which  were  within  one  of  the  tenements,  the  staircase  running  up 
alongside  of  the  mutual  gable.  The  proprietor  of  a  flat  or  storey  in 
that  tenement  struck  out  a  new  door  through  the  wall,  dividing 
his  house  from  the  staircase,  to  which  the  proprietor  of  the  corres- 
ponding flat  of  the  contiguous  tenement  objected.  It  was  held 
that  the  former  was  entitled  to  make  the  door,  in  respect  that  the 
wall  was  not  common  property  nor  part  of  the  common  stair,  and 
that  the  party  objecting  had  not  shown  any  material  interest 
encroached  on  by  the  operation. 

This  case  appears  to  be  the  counterpart  of  the  cases  of  Anderson 
V.  Dalrymple  (supra)  and  Reid  v,  Nicol  (supra),  certain  operations 
being  prohibited  in  those  cases  because  the  objector  had  a  right  of 
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common  property  in  the  passage,  whereas  in  Ritchie's  case  similar 
operations  were  permitted  because  the  objector  had  only  a  common 
interest. 

The  case  of  Taylor  v.  Dunlop,  1st  November,  1872,  11  Macp. 
25,  referred  to  a  property  at  the  north-east  comer  of  Wellington 
and  Bath  Streets,  Glasgow.  Tlie  property  belonged  to  the  late 
Nathaniel  Stevenson,  who  sold  to  Taylor  the  upper  flat,  together 
with  access  thereto  by  a  street  door  from  Wellington  Street,  and 
the  cellars  on  the  sunk  floor,  inserting  in  the  disposition  an 
obligation  on  the  purchaser  to  maintain  the  roof,  and  on  the 
seller  to  maintain  the  street  pavement.  The  defender  subse- 
quently acquired  the  street  flat.  Taylor  proposed  to  make 
certain  alterations  on  the  property,  which  were  objected  to  by 
Dunlop.  The  nature  of  the  operation  may  be  gathered  from  the 
finding  of  the  Court,  which  was  that  Taylor,  as  proprietor  of  the 
upper  floor,  had  right  to  the  space  between  the  ceiling  of  his  flat 
and  the  roof  of  the  house,  and  was  entitled  to  make  rooms  in  it 
with  the  requisite  stair  and  skylight  windows ;  but  that  he  had 
no  right  to  carry  a  flue  from  the  cellar  to  the  roof  through  the 
staircase,  the  latter  l>eing  intended  only  for  access,  and  not 
being  Taylor's  exclusive  property.  The  Lord  President,  however, 
dissented  from  the  finding  qicoad  the  roof^  which,  together  with 
the  space  between  it  and  the  ceiling  of  Taylor's  flat,  he  held  on 
the  titles  to  be  not  Taylor's  property  but  Dunlop's. 

One  other  case  only  I  shall  refer  to  under  this  heading. 
Graham  v.  Greig,  6th  December,  1838,  1  D.  171,  was  one  in 
which  the  proprietor  of  the  shop  flat  was  by  his  titles,  and  by 
the  titles  of  the  upper  heritors,  excluded  from  any  right  to  the 
common  stair  and  staircase,  the  joint  property  of  which  was 
expressly  vested  in  the  proprietors  of  the  upper  flats.  The  latter 
were  found  entitled  to  prevent  the  proprietor  of  the  shop  flat  from 
putting  a  show-window  in  or  otherwise  interfering  with  the  outer 
wall  of  the  staircase  fronting  the  street. 

Having  dealt  with  the  mutual  gable,  partitions,  floor-ceilings^ 
and  common  passages  and  stairs,  we  exhaust  the  remainder  of  the 
tenement  if  we  dispose  of  (1)  the  walls,  that  is  to  say,  other  than 
mutual  gables  and  partitions,  (2)  the  roof,  and  (3)  the  solum, 
including  the  ground  actually  covered  by  the  tenement,  the  area 
in  front,  the  back-green,  and  the  pro  indiviso  pleasure-ground. 

The  rule  as  to  the  ownership  of  these  is  generally  stated  as 
follows : — *^  Walls  enclosing  each  flat  are  the  sole  property  of  the 
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owner  of  the  flat.  The  roof  is  the  sole  property  of  the  owner  of 
the  uppermost  flat,  and  the  solum  (including  pro  indiviso  pleasure- 
ground)  is  the  sole  property  of  the  owner  of  the  ground  flat;  these 
several  rights  of  sole  ownership  being  qualified  by  the  common 
interest  of  the  other  proprietors." 

The  rule  as  thus  stated  may  be  accepted  as  correct  so  far  as 
regards  the  walls,  the  front  area,  and  the  back-green ;  it  may, 
however,  admit  of  question  so  far  as  regards  the  roof  and  the 
solum  actually  covered  by  the  tenement.  These  it  is  thought 
might  be  argued  to  be  common  property  in  the  same  sense  as 
mutual  gables. 

The  owners  of  the  lower  flats  of  the  tenement  are  under  a  ser- 
vitude of  support  (onerisferendi)  to  the  owners  of  the  upper  flats. 
Whence  arises  this  obligation  ?    One  of  the  sources  of  it  is  perhaps 
not  far  removed  from  the  obligation  which,  as  we  have  already  seen, 
the  proprietor  of  each  flat  is  under  to  maintain  and  preserve  the 
mutual  floor-ceilings  of  the  flat,  and  to  avoid  doing  aught  to  their 
prejudice.    This  obligation  we  have  seen  enforced  in  Gray  v.  Greig, 
1 8th  June,  1825  (supra),      I  think,  however,  the  source  of  the 
8ervit%i8  onerisferendi  is  probably  to  be  found  in  the  fact  that  each 
flat  has  been  purchased  by,  and  conveyed  to,  the  owner  as  the  flat 
of  a  tenement.     It  is  so  described  in  his  title,  and  as  such  he  is 
bound  to  maintain  it.     The  unum  quid  is  not  the  flat  but  the 
tenement.       The  tenement  is  composed  of   flats  along   with   a 
foundation  and  a  roof,  which  are  accessories  of,  and  necessary  to, 
all  the  flats  in  equal  degree,  the  roof  being  the  roof  of  the  lowest 
flat  no  less  than  of  the  uppermost,  and  the  foundation  being  the 
foundation  of  the  uppermost  flat  no  less  than  of  the  lowest.     The 
foundation  and  roof,  therefore,  are  truly  part  and  pertinent  of  the 
several  flats  quite  as  much  as  is  the  common  gable  or  the  common 
passage  and  stair  which,  as  we  have  already  seen,  are  held  to  be 
the  common  property  of  the  flats  which  they  serve.      I  incline 
therefore  to  the  view  that,  in  the  absence  of  special  provisions  in 
the  title,  the  roof  and  the  solum,  so  far  as  actually  covered  by  the 
tenement,  are  the  common  property  of  the  owners  of  the  several 
flats;  the  exigencies  of  the  situation,  however,  conferring  on  the 
proprietors  of  the  ground  floor  and  of   the  uppermost  floor  the 
immediate  control  and  enjoyment  of  the  solum  and  of  the  roof 
respectively,  in  so  far  as  consistent  with  the  safe  and  comfortable 
enjoyment  of  foundation  and  roof  for  primary  purposes  by  the 
other  proprietors  interested.     I  am  aware  that  from  some  of  the 
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dicta  in  Taylor  i\  Dunlop  (supra)  one  would  infer  that  the  roof 
belonged  in  sole  property  to  the  owner  of  the  upper  flat ;  but  the 
dissent  of  the  Lord  President  from  the  finding  quoad  roof  in 
that  case  detracts  to  a  considerable  extent  from  the  weight  to  be 
attached  to  these  dicta,  and  I  do  not  think  that  the  practical 
result  in  that  case  was  out  of  accord  with  the  principles  already 
enunciated.  It  may  be  true  that  the  owner  of  the  ground  flat  is 
very  nearly  sole  proprietor  of  the  solum,  and  that  the  owner  of 
the  uppermost  flat  is  very  nearly  sole  proprietor  of  the  roof,  but 
it  has  been  a  common  error  to  state  such  propositions  too  absolutely, 
and  to  overlook  the  principle  very  tersely  laid  down  by  Lord 
Robertson  in  XJrquhart  v.  Melville,  22nd  December,  1853,  16  D. 
307,  that  the  "  owner  of  the  ground  floor  is  not,  in  the  strict  sense 
of  the  word,  proprietor  of  the  solum  to  the  absolute  exclusion  of 
the  party  above.  The  upper  proprietor  is  proprietor  down  to  the 
ground,  so  far  as  is  necessary  for  his  purposes,  just  as  the  under 
proprietor  is  proprietor  up  to  the  skies,  so  far  as  necessary  for 
his  purposes." 

A  few  cases  in  conclusion  will  serve  to  illustrate  some  of  the 
rules  I  have  just  been  referring  to.  A  leading  case  is  Stewart  v. 
Blackwood,  3rd  February,  1829,  7  Sh.  362.  This  case  negatives 
the  idea  that  the  solum  on  which  the  tenement  is  built  is  the  sole 
property  of  the  proprietor  of  the  ground  flat.  In  1823  an  old 
tenement  in  Candleriggs  was  taken  down  as  ruinous  by  order  of 
the  Dean  of  Guild.  It  had  been  owned  in  flats,  and  the  pro- 
prietors being  unable  to  agree  about  its  re-erection,  Stewart  raised 
an  action  of  declarator  to  have  it  found  that  the  solum  of  that 
part  of  the  ground  floor  which  had  belonged  to  him  was  his  ex- 
clusive property,  subject  only  to  a  burden  oneris  fereiidi  in  favour 
of  the  defender  for  her  right  in  the  upper  storeys,  and  that  he 
w£is  consequently  entitled,  in  the  erection  of  a  new  building,  to 
make  a  sunk  storey  in  that  part  of  the  area  not  occupied  by  the 
common  passage,  so  as  to  give  him  both  such  sunk  storey  and  the 
street  floor  in  the  new  house.  This  claim  was  disallowed  by  the 
Court,  and  it  was  expressly  laid  down  by  the  Lord  Justice-Clerk 
that  all  the  proprietors  of  a  house  have  a  joint  right  to  the  solum. 

In  Johnston  v.  White,  18th  May,  1877,  4  Ret.  721,  and  Barclay 
V,  M*Ewan,  21st  May,  1880,  7  Ret,  792,  the  area  between  the 
tenement  and  the  street  was  held  to  be  the  property  of  the  owner 
of  the  street  flat  to  the  effect  of  entitling  him  to  cover  it  over,  by 
carrying  out  his  shop  front  to  the  line  of  the  street. 
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Arrol  V.  Inches,  27th  January,  1887,  14  Ret.,  referred  to  a 
property  in  Princes  Street,  Edinburgh,  the  Balmoral  Hotel,  which 
had  been  subjected  to  the  operation  referred  to  in  the  two  last  cases, 
namely,  the  covering  over  of  the  front  area  by  the  proprietor  of  the 
lowerflats,  projecting  the  street  floor  forward  to  the  line  of  the  street. 
The  proprietor  of  the  upper  storeys  then  claimed  the  right  to 
advance  his  front  wall  and  rest  it  upon  the  projection  so  made  by 
the  proprietor  of  the  lower  flooi-s.  By  his  title,  however,  he  was 
expressly  excluded  from  any  right  whatever  in  the  lower  floors, 
area,  &c.,  and  on  this  express  ground  his  proposed  alterations  were 
disallowed  by  the  Court — the  under  proprietor  being  held  on  the 
titles  to  be  proprietor  of  the  area  a  centro  usque  ad  ccelum,  subject 
only  to  the  law  of  tenement.  But  for  the  express  terms  of  the 
title  the  area  would  have  belonged  to  the  lower  proprietor  a  centro 
but  not  ad  codum ;  and  the  upper  proprietor,  Arrol,  would  have 
been  entitled  to  carry  out  the  proposed  alteration.  XJrquhart  v. 
Melville,  22nd  December,  1853,  16  D.  307. 

Boswell  V.  Magistrates  of  Edinburgll,  19th  July,  1881,  8  Bet., 
986,  was  a  case  of  the  proprietor  of  the  street  flat  building  on  the 
back  green.  Under  his  titles  he  was  proprietor  of  the  green  as 
as  well  as  of  the  front  area.  The  proposed  buildings  were  distant 
20  feet  6  inches  from  the  back  wall  of  the  front  tenement.  At 
the  ridge  of  the  roof  they  were  19  feet  9  inches,  and  at  the  wall 
head  8  feet  9  inches  higher  than  the  top  of  the  street  flat ;  and 
they  were  joined  to  the  front  property  by  a  saloon.  After  a  remit 
to  Mr.  Burnet,  architect,  the  proposed  buildings  were  authorised, 
subject  to  certain  restrictions,  amongst  which  were  (1)  that  the 
roof  of  the  saloon  with  its  skylight  and  cupolas  should  be  no 
higher  than  the  lowest  floor  of  the  upper  flats ;  (2)  that  the  height 
of  the  back  building  should  be  reduced  to  1 8  feet  higher  than  the 
saloon;  (3)  that  in  the  back  buildings  there  should  be  no  windows 
in  the  wall  facing  the  back  wall  of  the  front  property ;  (4)  that  the 
same  wall  should  be  entirely  faced  with  white  enamelled  bricks ; 
and  (5)  that,  for  amenity  and  security  from  fire,  the  roof  of  the 
saloon  should  be  constructed  of  concrete  and  laid  with  light- 
coloured  tiles. 

The  Merchant  Company  of  Edinburgh  v,  Cormack  and  others 
(George  Square  Gardens  Case),  14th  December,  1883,  11  Bet.,  57. 
By  the  titles  of  George  Square,  Edinburgh,  each  of  the  feuars  had 
conveyed  to  him  **a  right  and  interest  in  the  centrical  area  in 
the   middle   of  the   square,"  jointly  and   in  common  with  "the 
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other  proprietors  of  other  houses,  .  .  .  the  proprietors  always 
enclosing,  smoothing,  laying,  and  keeping  the  same  in  good 
order,  and  in  an  ornate  manner ;  declaring  that  the  said  Walter 
Scott  and  his  foresaids  are  not  to  have  right  without  conaent 
of  the  proprietors  of  the  neighbouring  houses  to  raise  the  lum 
heads  of  the  houses  hereby  feued  higher  than  they  presently  are, 
unless  the  lum  heads  of  such  neighbouring  houses  shall  be  raised. 
And  also  declaring  that  the  said  Walter  Scott  and  his  foresaids, 
possessors  of  the  said  dwelling-house,  <kc.,  shall  be  perpetually 
restrained  from  dealing  in,  or  the  occupation  of,  any  trade  or 
merchandise,  whether  foreign  or  inland,  in  wholesale  or  retail  of 
goods  and  vivors  of  any  sort  or  denomination,  and  from  baking 
and  brewing  for  sale,  and  from  the  occupation  of  any  kind  of 
handicraft."  The  Court  held  the  right  of  the  feuars  in  "  the 
centrical  area"  to  be  one  of  common  interest  and  not  of  common 
property,  and  that  therefore  a  regulation  which  had  been  made 
and  acted  on  for  more  than  forty  years  by  the  proprietors  confining 
the  privilege  of  the  garden  to  occupiers  and  their  families,  and 
excluding  cliildren  attending  school  within  the  square,  was  valid 
and  binding  on  all  concerned,  although  it  did  not  appear  in  the 
titles. 

Ferguson  v.  Marjoribanks,  12th  November,  1816,  F.  C,  was 
a  case  of  the  street  proprietor  proposing  to  widen  his  shop  door 
and  windows,  slap  out  a  door  in  the  back  wall,  and  lower  the 
shop  floor.  The  tenement  was  a  century  old,  and  six  storeys  in 
height,  but  three  architects,  to  whom  the  question  was  remitted, 
reported  that  the  alterations  could  be  safely  performed.  The 
Court  refused  the  powers  on  the  ground  that  the  common  interest 
of  the  upper  proprietors  entitled  them  to  object  to  any  operations 
which  iniiiht  occasion  even  an  apprehension  of  danger. 

In  Johnston  v.  White  (sicpra),  the  judges  were  of  opinion  that 
any  operation  on  the  walls  might  be  objected  to,  provided  it  could 
be  shown  to  imperil  the  safety  or  even  the  comfort,  amenity,  or 
value  of  the  other  portions  of  the  tenement. 

Subject  to  these  restrictions  the  Court  will  allow  each  proprietor 
to  operate  at  will  on  his  own  walls,  the  burden  being  on  him  to 
show  that  the  oi>erations  can  be  carried  out  without  apparent  risk 
or  any  reasonable  apprehension  of  danger.  The  authorities,  for 
allowing  such  alterations,  are  too  numerous  to  call  for  special 
mention.  The  principle  is  admitted  even  in  the  cases  where 
particular  operations  have  been  disallowed. 
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The  last  point  to  which  I  shall  refer,  and  that  only  in  a  word,  is 
the  case  where  a  tenement  belonging  to  several  |)ersons  has  been 
burned  or  has  otherwise  become  ruinous,  and  some  of  tiie  proprietors 
will  not  consent  to  rebuild  it.  In  such  a  case  any  one  of  the 
proprietors  may  apply  to  the  Dean  of  Guild  Court  (if  in  a  burgh), 
to  have  the  rest  decerned  to  give  their  concurrence  to  a  plan  and 
elevation  being  made  out,  and  to  build  their  respective  portions 
within  a  limited  time,  or  on  their  failure  for  a  warrant  to  the 
petitioner  to  do  the  work  at  their  expense.  This  expense  becomes 
a  real  burden  on  the  property,  and  the  petitioner  may  have 
warrant  to  let  or  possess  the  subjects  until  fully  indemnified.  The 
authority  given  for  this  purpose  by  the  Dean  of  Guild  is  called 
"  the  jedge  and  warrant." 

In  concluding  these  notes  I  may  be  permitted  to  remark  that 
they  have  not  been  designed  so  much  to  elucidate — still  less  to 
exhaust — the  law  of  the  subject,  as  primarily,  to  answer  the  com- 
munication from  the  Royal  Institute,  and  at  the  same  time  to  meet 
a  frequently  expressed  desire  on  the  part  of  many  of  your  members 
for  a  general  idea  of  the  law  relating  to  a  subject  in  which  they 
are  specially  interested,  and  of  which  their  practical  knowledge 
not  unfrequently  makes  them,  when  a  new  point  arises,  the  skilled 
advisers  to  whom  judges  must  naturally  look  for  guidance.  If  they 
serve  these  purposes  with  any  acceptance,  I  shall  feel  to  some 
extent  excused  for  having  trespassed  at  so  great  length  upon  your 
time  and  patience. 
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[Rml  before  the  Society.  16th  Mtfch,  1S87.] 


[Note. — A  Dtxriptioi^  of  the  Apparatui  and  the  principal  rtmdU  detcuUd  in 
this  paptr  Wfrre  commtuueated  to  the  Society,  I6ih  April,  1886,  but  cU  the 
rtqueM  of  the  Author  wxre  mof  read  to  the  Society  unlil  26th  March,  1887. \ 

Our  knowledge  upon  this  subj^t  is  chiefly  derived  from  Graham's 
classical  researches.  His  first  paper  was  communicated  to  the 
Roval  Society  in  1S49,  and  further  papers  appeared  in  1850  and 
185L 

About  the  year  1S55,  Fick*,  commenting  upon  these  inyestiga- 
tions,  remarked  that  it  was  a  matter  of  regret  that  in  such  an 
exceedingly  valuable  and  extensive  investigation  the  development 
of  a  fundamental  law  for  diffusion  in  a  single  element  of  space  was 
neglecteil,  which  (he  added)  ic  was  quite  natural  to  suppose  would 
be  identical  with  the  law  according  to  which  diffusion  of  heat  takes 
place  in  a  conducting  body,  and  upon  which  Fourier  founded  his 
theory  of  heat,  and  Ohm  his  theory  of  diffusion  of  electricity  in 
conductors.  Fick  endeavoured  to  supply  this  omission  so  izr  as 
common  salt  is  concerned,  and  Yoit  calculated  the  coefficient  of 
diffusion  of  sugar.  Professor  Mach,  of  Prague,  has  also  worked 
with  these  substances.  Other  experimenters  have  calculated  the 
coefficients  of  diflusion  of  salts,  or,  rather,  of  a  limited  number  of 
them,  with  not  very  concordant  results,  as  may  be  seen  by  consult- 
ing the  tables  of  Schumeister  attached  to  the  article  "  Heat,"  by 
Sir  William  Thomson,  in  the  ninth  edition  of  the  Encydopoedia 
Britannica^  and  comparing  them  with  the  results  of  Beilstein,  who 
employed  Jolly's  method  described  in  "Watts's  Dictionary  of 
Chemistry,"  vol.  iii.,  p.  710.  Graham,  however,  in  his  latest  paper 
upon  the  subject,  communicated  to  the  Royal  Society  in  1861, 
described  a  method  of  experiment  which,  to  use  his  own  words, 
affords  a  means  of  obtaining  the  absolute  rate  or  velocity  of 
diffusion. 

•  PhiL  Mag.  [4J  x.  1855. 
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This  he  called  "  Jar  diffusion,"  the  saline  solution  being  delivered 
by  a  pipette  to  the  bottom  of  a  column  of  pure  water  127  mm. 
high,  standing  in  a  cylindrical  jar  87  mm.  diameter,  and  the 
amount  diffused  being  ascertained  by  drawing  off  the  liquid  from 
the  top  in  equal  fractions  by  a  very  fine  syphon,  the  orifice  of 
the  stort  leg  of  which  was  kept  close  under  the  surface  of  the 
liquid  being  drawn  off. 

Graham  applied  this  method  to  a  variety  of  organic  compounds, 
but  only  to  hydrochloric  acid,  sulphate  of  magnesia,  and  sulphates 
and  chlorides  of  potassium  and  sodium  amongst  inorganic 
substances. 

He  did  not  attempt  the  calculation  of  the  coefficients  of  diffusi- 
bility  in  absolute  measurements,  but  remarked  that  the  method  is 
extremely  simple,  and  gives  results  of  more  precision  than  could 
have  been  possibly  anticipated. 

I  have  recently  made  a  considerable  number  of  experiments  with 
this  method;  but  in  place  of  using  jars  of  87  mm.  in  diameter  I  have 
employed  glass  cylinders  of  36  mm.  diameter,  such  as  are  used  for 
"  Nesslerizing,*'  and  which  are  very  uniform  in  bore.  The  annexed 
Table  shows  the  actual  amount  of  salt  found  in  each  section  of  the 
liquid  after  diffusion,  expressed  in  millimetres;  the  quantity  of 
salt  in  the  upper  section  being  also  calculated  in  percentages  of  that 
particular  section  which  at  the  commencement  of  the  diffusion  was 
the  point  of  junction  of  the  saline  solution  and  the  pure  water. 

The  concentrated  saline  solution  was  introduced  below  the  pure 
water  by  a  method  slightly  different  from  that  of  Graham ;  namely,  a 
fine-bore  syphon  with  contracted  orfices  was  first  filled  with  water, 
the  finger  being  placed  so  as  to  cover  the  short  end ;  the  long  end  was 
thrust  to  the  bottom  of  the  water  in  the  diffusion-jar,  and  the  short 
end  was  uncovered  in  a  vessel  containing  the  saline  solution  at  a 
higher  level,  and  the  syphoning  continued  until  the  height  of  the 
liquid  admitted  under  the  water  in  the  diffusion-jar  amounted  to 
50  mm. 

Many  of  the  results  agree  with  those  of  Graham,  while  others 
are  additions  thereto,  such  as  the  diffusions  of  mercurous  nitrate, 
mercuric  chloride,  lithium  sulphate,  cadmium  sulphate,  silver  sul- 
phate, manganese  sulphate,  nickel  sulphate,  and  lead  nitrate. 

Moreover,  they  are  twenty-five  diffusions  conducted  for  equal 
lengths  of  time,  and  under  similar  circumstances  as  to  temperature 
and  methods  of  experimenting. 

Although  from  many  points  of  view,  and  especially  that  of  the 
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chemist,  most  valuable  and  important  deductions  can  be  made 
from  this  class  of  experiments,  some  of  which  will  be  referred  to 
in  a  later  part  of  this  paper,  it  must  be  admitted  that,  from  the 
physicist's  point  of  view,  all  these  experiments  are  vitiated  from 
the  fact  that  the  diffusions  should  commence  with  the  solid  salt  or 
the  anhydrous  acid  or  alkali,  and  end  in  an  atmosphere  of  pure 
water.  With  Graham's  earlier  experiments  a  saline  or  acid 
solution,  the  strength  of  which  was  gradually  diminisliing,  was 
diffused  into  a  weaker  saline  or  acid  solution  which  was  constantly 
increasing ;  and  even  with  his  latest  method  of  *'  Jar  diffusion  "  it 
is  practically  impossible  to  work  with  syphons  in  long  columns  of 
water  such  as  are  necessary  to  get  a  pure  water  atmosphere  above 
the  salt  being  diffused.  I  have  therefore  turned  my  attention  to 
improved  methods  of  working,  and  have  devised  apparatus,  illustrated 
by  Fig.  1,  Plate  II.  This  apparatus  allows  of  a  very  concentrated 
solution  of  the  substance  under  examination  being  admitted  at  any 
desired  rate  of  speed  underneath  a  column  of  pure  water  of  any 
desired  length,  and,  further,  of  the  liquids  being  drawn  oQ  in 
regulated  quantities  at  the  end  of  the  time  of  difiusion.  No  doubt, 
with  solid  crystalline  salts,  theory  indicates  that  diffusion  should 
commence  from  the  salt  j  but  practice  determines  the  fact  that, 
with  solid  salts,  air-bubbles  are  a  difficulty ;  and,  moreover,  there 
are  a  very  large  number  of  salts  that  are  not  crystalline  at  all,  and 
some  that  do  not  exist,  or  are  difficult  to  procure,  in  the  solid  state. 

Ketuming  to  the  description  of  Fig.  1,  B  B  represents  a  Mohr's 
burette,  500  mm.  long  and  15  mm.  diameter,  provided  with  a  glass 
stopcock. 

The  stopcock  being  closed,  this  burette  is  nearly  tilled  with  pure 
water,  and  is  then  connected  by  india-rubber  tubing  with  an 
apparatus  by  means  of  which  the  air  above  the  water  can  be 
slightly  rarefied,  such  as  an  air-pump  or  an  aspirator,  or,  by  what 
I  find  most  convenient,  an  open  glass  tube,  C  C,  standing  in  a  jar 
of  water.  On  opening  the  stopcock  of  the  burette,  about  half  its 
water  escapes,  say,  to  the  level  (a),  rarefying  the  air  above,  upon 
which  a  column  of  water  rushes  up  the  tube,  C  C,  say,  to  x.  The 
stopcock  being  now  closed,  the  tube,  C  C,  is  raised  and  clipped  in 
such  a  position  that  the  column  of  water  in  the  tube,  C  C,  is  much 
longer  than  the  water-column  in  the  burette,  by  which  means  the 
air  above  the  water  in  the  burette  is  sufficiently  raref  ed  to  admit 
of  the  concentrated  saline  or  other  solution  being  sucked  up 
underneath  the  water  by  cautiously  opening  the  stopcock,     A. 
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column,  say,  100  mm.  deep,  can  be  drawn  into  the  burette  under  a 
depth  of  water  of  200  mm.,  which  latter  can  be  further  added  to 
by  filling  up  the  burette  cautiously  by  a  long-legged  pipette  dis- 
charged on  a  cork  float.  This,  however,  is  seldom  necessary  except 
with  very  diffusive  substances,  such  as  hydrochloric  acid,  which 
barely  reach  a  height  of  200  mm.  in  21  days.  To  prevent  leakages, 
an  indiarubber  cap  is  slipped  over  the  point  p  of  the  burette.  At 
the  end  of  the  diffusion-time  the  liquid  is  very  slowly  run  off  until 
the  level  where  the  water  originally  joined  the  saline  solution 
is  reached,  after  which  equally-measured  sections  are  carefully 
removed  and  reserved  for  further  examination,  each  section  being, 
say,  25  mm.  deep.  The  results  are  conveniently  calculated  in 
percentages  upon  the  salt  or  other  substance  contained  in  the 
bottommost  layer,  where  diftusion  commenced.  It  was  thought  at 
first  that  some  errors  might  arise  from  adherence  of  the  saline 
solutions  to  the  inside  of  the  burette,  down  which  the  upper  layers 
had  to  pass  before  estimation.  This  proved,  however,  not  to  be 
the  case  to  any  serious  or  appreciable  extent.  Most  diffusions  are 
carried  on  until,  at  any  rate,  1  per  cent,  of  the  salt  rises  50  mm. ; 
and  it  was  found  that  sulphuric  acid  of  1*2  specific  gravity,  ad- 
mitted in  the  burette  under  water  coloured  blue  with  litmus  and 
withdrawn  carefully,  had  so  little  effect  on  the  water  25  mm.  above 
that  it  came  out  of  the  stopcock  barely  reddened,  and  the  water 
lying  50  mm.  above  the  acid  came  out  quite  blue.  Corroborative 
experiments  were  made  with  saturated  cupric  sulphate  and  am- 
monia as  an  indicator. 

Hydrochloric  acid  being  the  most  diffusive  substance  examined  by 
Graham,  comparative  experiments  were  made  with  this  compound 
at  temperatures  of  12**  "5  Centigrade,  which  show  that  the  rise  of 
the  column  of  hydrochloric  acid  in  pure  water  is  as  the  square  root 
of  the  times  of  diffusion,  the  periods  chosen  for  diffusion  being  7 
days,  14  days,  21  days,  28  days,  and  35  days.  That  this  is  the 
correct  law  of  diffusion,  with  a  constantly  ascending  column  (as 
distinguished  from  Fick's  columns  "  in  dynamic  equilibrium  "),  is 
proved  in  a  most  interesting  way  by  a  method  which  I  have 
devised,  in  which  a  solution  of  caustic  potash  is  diffused  into  water 
coloured  with  methyl  orange,  reddened  by  an  acid.  As  the  top  of 
the  column  ascends,  the  red  colour  of  the  methyl  compound  is 
changed  to  orange,  the  line  of  demarcation  being  preserved  for 
fully  a  month,  and,  in  a  quiet  place  and  even  temperature,  with 
Bingular  precision. 
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Fig.  2  shows  in  the  form  of  curves  the  results  of  some  com- 
parative experiments  made  for  a  period  of  twenty  days  at  a  tem- 
perature of  12' -5  C,  with  the  following  substances  : — 

1.  Sulphuric  acid  containing  20  per  cent,  anhydride. 

2.  Hydrochloric  acid       ,,       20 

3.  Nitric  acid  „       20 
•'          4.  Potassic  hydrate         „       20 

5.  Sodic  hydrate  „       20 

6.  Ammonia  solution  of  '880  specific  gravity. 

7.  Magnesic  sulphate       .        saturated. 

8.  Sodic  chloride     .     .     .        ditto. 

The  ammonia  solution  was  floated  on  the  water,  the  rest  admitted 
under  the  water,  and,  with  the  exception  of  the  magnesic  sulphate, 
the  sections  of  liquid  run  off  were  estimated  by  ordinary  volumetric 
alkalimeter  processes. 

A  summary  of  the  results  may  be  conveniently  added  : — 

Comparative  diffusion  during  twenty  days  ;  temperature 

12^-5  Cent. 
One  per  cent,  of  the  hydrochloric  acid  rose  250  mm. 

11 
11 
11 
11 
11 
11 
11 

These  results  are  put  forward  merely  as  preliminary  experiments 
with  a  method  which  is  rapid  in  execution  and  susceptible  of  great 
accuracy,  and  which  it  is  hoped  will  afford  or  lead  to  the  means 
of  calculating  the  correct  coefficient  of  diffusion  of  a  large  number 
of  substances,  Sir  William  Thomson  having  kindly  promised  his 
assistance  in  any  mathematical  calculations  necessary. 

From  the  chemist's  point  of  view,  several  interesting  considera- 
tions arise  from  a  review  of  experiments  already  made,  particularly 
when  taken  in  connection  with  Newlands'and  Mendelejeff's  periodic 
law,  which  was  not  put  forward  until  some  time  after  the  date  of 
Graham's  last  paper. 

The  periodic  law  classifies  the  elements  into  vertical  groups  of 
the  type  R,0,  RO,  <kc.,  and  into  series  ustlally  kno^wn  ^AVoTviarciXa^. 


nitric  acid 

225     „ 

potassic  hydrate 

225     „ 

ammonia 

200     „ 

sulphuric  acid 

175      „ 

sodic  hydrate 

187      „ 

sodic  chloride 

162      „ 

magnesic  sulphate 

87     „ 
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series.      Mo6t  q£  our  recent  text-books  quote  the  3rd  aeries  as 

typical;  thus: — 

Na.       Mg.        AL  SL         P.         a  CL 

Atomic  weight,  .     .     23       24       27  3       28       31       32       355 
Atomic  volume, .     .     24        14       10  11        145    16       27 

It  will  be  obser\*ed  here  that,  while  there  is  a  comparatively 
small  ditference  between  the  atomic  weights  commencing  and 
euiling  the  horizontal  series,  the  atomic  volume  commences  veiy 
high  at  the  extreme  left,  gradualij  diminishes  to  less  than  <me 
half  in  the  middle,  and  ends  very  high  again  at  the  extreme  right 
of  the  series.  Didosibility  of  the  compounds  of  these  elements 
varies  in  the  same  way ;  thus  : — 

Xa.      '  Mg.  AL  SL        P.         S.  CL 

NajSO^.  MgSO^.  A1,3S04.  ^iiO^.  P,0».  S,0,.     a,0,. 
Molec.  voL    .     55  44  ?  45       55       82  t 

Diffusibility .     15  4  28  \  9  79 18  48      25 
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The  diffusion  of  chloric  acid  against  sulphtiric  acid  I  had  to  make 
specially* ;  the  other  figures  are  from  the  tables  and  data  before 
given,  and  the  atomic  volumes  are  quoted  &om  Ira  Remaen's 
recent  book,  the  *'  Principles  of  Theoretical  Chemistry." 

Here,  then,  is  evidence  that,  given  a  number  of  elements,  the 
atomic  weights  of  which  do  not  differ  widely,  the  diffusibility  will 
vary  in  some  sort  of  proportion  to  the  atomic  or  molecular  volume, 
which  latter,  indeed,  may  be  to  some  extent  regulated  by  the 
energy  of  the  molecules. 

Mendelejeff's  fourth  horizontal  series  commences  with  K  and 
Ca,  the  molecular  volumes  and  diffusibilities  of  the  chlorides  being 
thus: — 


v,CL. 

c»a,. 

74 

44 

41 

27 

Molecular  volimie,    . 
Diffusibility,    .... 

Here   again  diffusibility  corresponds  with  the  larger  molecular 
voluma 

*  By  new  method  of  difiasioii : — 

58  per  cent,  sulphuric  acid  rose  25  mm.  in  7  days. 
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50 
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70  per  cent,  chloric  acid  roee 

25 

"*v            ,,            ,,            ,, 

50 

18                           ,,                            M                            f 

75 

e  12^  Cent. 
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The  fifth  aeries  commences  with  copper  and  zinc,  the  molecular 
volume  of  the  sulphates  being  exactly  equal  and  the  diffusibility 
nearly  equal. 

The  sixth  series  commences  with  rubidium  and  strontium,  the 
metal  rubidium  possessing,  with  the  exception  of  caesium,  the 
largest  atomic  volume  of  any  metal  yet  discovered. 

Graham  has  already  shown  that  chloride  of  strontium  is  much 
less  dif^ible  than  chloride  of  potassium.  If,  therefore,  chloride 
of  rubidium  be  as  dilSusible  as  chloride  of  potassium,  then  the 
diffusibility  of  chloride  of  rubidium  will  be  greater  than  that  of 
chloride  of  strontium.  This  has  been  proved  to  be  the  case  by  the  fol- 
lowing diffusions  which  I  have  recently  made.  Chloride  of  rubidium, 
chloride  of  potassium,  and  chloride  of  sodium  were  diffused  for 
10  days  at  12°  C.  in  the  apparatus  represented  in  Fig.  L  : — 


Height  difEused 
in  miUimetere. 

Rubidium 
chloride, 
per  cent. 

Potassic 
chloride, 
per  cent. 

Sodic 
chloride, 
per  cent. 

22  .      . 

.      .   68 

64 

60 

U  .      . 

.      .  39 

39 

31 

66  .      . 

.      .  19 

19 

10 

88  .      . 

.      .     7 

7 

3 

110  .      . 

.      .     3-5 

3-5 

It  will  be  seen  that  rubidium  chloride  is  quite  as  diffusive  as 
potassic  chloride,  a  salt  which  has  hitherto  been  the  most  diffusive 
salt  examined.  This  I  anticipated  from  the  large  atomic  volume 
of  the  metal,  which  is  very  much  greater  than  even  that  of  potas- 
sium ;  but,  on  the  other  hand,  its  atomic  weight  is  greater. 

If  a  large  molecular  volume  indicates  a  tendency  to  rapidity  of 
difiusion,  it  may  be  suspected  that  a  large  atomic  or  molecular 
weight  has  a  tendency  to  retard  it ;  this,  however,  is  not  so  easy 
to  prove,  from  the  extreme  difficulty  of  getting  groups  of  soluble 
compounds,  the  molecular  volumes  of  which  are  identical,  but  the 
molecular  weights  of  which  differ.  Moreover,  it  appears  necessary 
to  look  for  such  groups  in  the  family  groups  of  Mendelejeff's 
vertical  series,  or  the  isomorphous  groups  of  the  older  chemists. 
The  sulphates  of  zinc  and  magnesia  are  strictly  isomorphous,  and 
possess  an  identical  molecular  volume,  namely,  44  when  anhydrous, 
their  molecular  weights  being  as  120  to  161. 

Graham  not  only  in  this  case,  but  in  several  other  cases  of 
isomorphous  bodies,  strove  hard  to  prove  that  the  rate  of  diffusion 
was  identical,  returning  again  and  again  to  the  subject^  on  the  la&t 
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occasion  moving  seyentj-two  experiments  with  magnesic  and  zincic 
sulphates,  which  he  sums  up  by  stating  that  the  approach,  to 
equality  becomes  close  in  the  4  per  cent,  and  larger  portions  of  salt^ 
but  differed  as  much  as  8*75  per  cent,  in  favour  of  the  sulphate  of 
magnesia  in  the  1  per  cent  solutions. 

I  have  recently  diffused  these  substances  for  the  long  period  of 
50  days,  and  at  a  temperature  of  15^  C,  in  the  apparatus  described 
in  an  earlier  part  of  this  paper  as  an  improvement  upon  Graham's. 
The  results  are  that — 

9  per  cent,  of  the  magnesic  sulphate  rose  100  mm. 
7         „         „  rincic  „  „     100     „ 

It  therefore  appears  that  these  substances  are  not  equi-diffusive, 
and  that  the  one  possessing  the  least  molecular  weight  is  the  most 
diffusive.  These  experiments  are  very  decisive  also  on  the  matter 
of  solubility  not  influencing  diffusibility,  since  the  sulphate  of  zinc 
is  well  known  to  be  much  more  soluble  in  water  than  the  sulphate 
of  magnesia. 

Two  substances  from  Mendelejeff's  6th  group,  namely,  chromic 
acid  and  tungstic  acid,  were  selected  for  diffusion,  the  molecular 
volumes  of  which  are  identical,  and  the  molecular  weights  of  which 
are  as  100*5  to  232.  They  were  difl^ised  as  normal  salts  of  soda 
for  thirty  days,  at  a  temperature  of  12***5  C,  with  this  result  (in 
which  it  will  be  again  observed  that  the  one  possessing  the  least 
atomic  weight  is  most  diffusive) : — 

25  per  cent,  of  chromate  of  soda  rose  75  mm. 
17  „  tungstate         „  75     „ 

Molybdate  of  soda  was  dififused  also  at  the  same  time,  but  as 
the  atomic  volume  of  molybdic  acid  is  not  identical  with,  but  larger 
than,  that  of  either  of  the  other  two,  there  was  a  greater  diffusibility, 
namely : — 28  per  cent  molybdate  of  soda  rose  75  mm. 

In  the  case  of  Mendelejeff*s  7th  group  we  have  chlorides, 
bromides,  and  iodides  of  the  following  molecular  weights  and 
volumes : — 

Sodic  chloride,  . 
„     bromide,  . 
,,     iodide, 
Potassic  chloride, 
„       bromide, 
fy       iodide, 


Mol.  wt. 

Mol.  vol. 

58-5 

26-0 

103-0 

33-0 

150-0 

43-5 

74-6 

37-0 

119-1 

440 

1661 

54-0 
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In  all  these  cases  it  will  be  noticed  that  there  is  an  increase  of 
molecular  volume  simultaneously  with  an  increase  of  molecular 
weight,  so  that  it  is  possible  that  retardation  of  diffusibility,  owing 
to  an  increased  molecular  weight,  may  be  counterbalanced  by  an 
increased  energy,  indicated  by  the  larger  molecular  volume ;  and  it 
may  account  for  the  singular  fact  discovered  by  Graham  that  these 
substances  are  practically  equally  diflfusive,  though  further  experi- 
ments may  show  some  little  variations.  Similar  remarks  may  be 
made  in  regard  to  the  chlorides  and  nitrates  of  calcium,  strontium, 
and  barium,  which  Graham  also  showed  to  be  practically  equally 
diffusive : — 


Mol.  wt. 

Mol.  vol 

Calcic  chloride,    .     . 

.     .     Ill 

44 

Baric  chloride,     .     . 

.     .     .     208 

54 

Calcic  oxide,   .     .     . 

.     .       56 

18 

Strontic  oxide, 

.     .     .     103-6 

22 

Baric  oxide,     .     . 

.     .     .     1530 

28 

In  regard  to  Mendelejeff's  8th  group,  I  have  diffused  ferrous 
sulphate,  cobaltous  sulphate,  nickelous  sulphate,  and  cupric 
sulphate,  the  molecular  weights  and  volumes  of  which  are  as 
follow : — 


MoL  wt. 

Mol.  vol. 

Ferrous  sulphate, .     . 

.     .    152 

48 

Cobaltous  sulphate,   . 

.     .    155 

44 

Nickelous  sulphate,  .     . 

.     155 

? 

Cupric  sulphate,   .     .     . 

.    159-4 

44 

The  diffusions  were  carried  on  fifty  days  at  10**  C. 

11  per  cent,  of  the  iron      rose  100  mm. 
10         „  ,,  cobalt 

10         „  „  nickel 

10         „  „  copper 


J' 


The  diffusion  rate  of  these  substances,  which  closely  approximates 
those  of  Mendelejeff's  2nd  group,  the  Dyads,  also  corroborates  the 
other  experience  as  to  the  influence  of  the  molecular  weights  and 
volumes. 

The  difference  in  diffusibility,  however,  between  the  first  or 
Monad  group  of  Mendelejeff,  and  his  second,  or  D^^  ^^^^^%  *^^ 
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XVII. — TJie  Gothic  Version  of  tlie  Gospels  by  Bishop  Ulfilas,  and 
its  Value  in  the  Study  of  Language.  By  James  Colville, 
M.A.,  D.Sc.  (Edin.) 


[Read  before  the  Society,  4th  May,  1887.] 


Ths  tourist  on  the  Rhine,  looking  down  fi*om  the  deck  of  his 
steamer  as  it  breasts  the  tawny  stream,  will  frequently  pass  in  his 
oourBe  a  slow  procession  of  barges  deeply-laden  with  coaL  If  of 
an  inquiring  turn  of  mind,  he  will  learn  that  these  hail  from  the 
Ruhr,  a  tributary  that  enters  the  great  river  near  Dilsseldorf,  the 
valley  through  which  it  flows  enjoying  a  brisk  trade  in  coal-mining 
and  its  allied  industries.  Three  centuries  ago,  in  an  obscure 
monastery  of  this  side-valley,  in  the  little  town  of  Werden,  an 
inquisitive  German — one  Arnold  Mercator, — rummaging  among  the 
dusty  tomes  of  its  libraiy,  perhaps  in  search  of  plunder  for  his 
master,  the  Landgraf  of  Hesse,  discovered  a  manuscript  of  rare 
beauty.  As  the  Lutheran  Refoimation  was  then  making  havoc 
of  monastic  stores,  the  prize  was  removed  for  greater  security  to 
Pragua  It  had  been  written  by  some  careful  scribe,  in  characters 
of  silver  on  a  purple  or  mulberry-tinted  ]>archment.  The  letters 
of  a  few  words  at  the  beginning  of  each  paragraph  were  in  gold. 
How  it  had  come  to  Werden  no  one  could  tell,  but  experts  are 
agreed  that  it  must  have  been  made  in  Italy  towards  the  end  of 
the  fifth  or  the  beginning  of  the  sixth  century,  i.e.^  during  the  rule 
of  the  €k>ths  under  Theodoricthc  Great,  it  was,  indeed,  a  version 
of  the  Gospels  in  the  language  of  the  Goths.  Towards  the  end  of 
the  Thirty  Years'  War  in  1 648,  Count  Konigsniark,  having  captured 
Prague,  took  the  MS.  to  Stockholm.  Thereafter  it  had  further 
adventures,  having  been  for  a  time  in  Holland,  Imt  it  was  ultimately 
restored  in  1669  to  the  royal  library  at  Upsal,  where  it  still 
remains.  It  contains  the  Gospels  in  339  leaves,  of  which  177  are 
preserved,  and  is  known  as  the  Codex  Argenteus.  While  in 
Holland  it  was  printed  for  the  first  time  at  Dort,  1G65,  by  Francis 
Junius,  well  known  to  literary  students  as  the  ^vst  to  ^N^i  -Oci^ 
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deep  recesses  of  the  foot-hills,  winding  bay  and  receding  creek 
bring  the  sea-breeze  that  fills  the  social  sail  and  tempts  to  a  larger 
trade  and  a  wider  knowledge.  Northwards,  on  the  other  hand, 
stretches  an  almost  sub-arctic  sea,  broken  into  two  irregular  halves 
by  peninsulas,  its  shallow  waters  washing  dreary  sandy  shores,  on 
every  side  a  vast  plain  covered  for  ages  with  a  dense  forest  through 
which  mighty  rivers  pour  their  sluggish  waters  into  storm-tossed 
seas,  and  ever  overhead  a  changeful  sky,  now  vexed  with  the 
drifting  cloud-rack,  now  hid  behind  a  pall  of  murky  fog.  Southern 
mountain-land,  northern  plain — these  have  ever  been  the  respective 
homes  of  the  Roman  and  the  Teuton.  The  Goths  swooped  down 
upon  the  eastern  peninsula,  the  Vandals  upon  the  western,  where 
the  name  Andalusia  still  marks  their  footsteps,  while  the  fierce 
Ber-serkr  sailed  his  dmgon  prow  through  -^gean  seas,  but  in  time 
they  lost  their  identity  amid  the  orange  groves  and  beneath  the  blue 
skies  of  the  south.  Equally  marked  is  the  contrast  between  the 
pleasures,  the  business,  and  the  thoughts  of  the  two  races.  South 
of  the  Alps  the  unit  of  national  life  is  the  polis  or  the  urbs — a  busy 
city-life,  quick-witted,  eloquent,  artistic,  thronging  agora  and 
forum  under  the  shadow  of  each  rocky  acropolis.  In  the  huge, 
formless,  northern  plain,  on  the  other  hand,  man  is  lost  in  the 
world  of  mingled  wood  and  water.  His  clearing  in  the  forest  is 
his  homestead,  the  centre  of  social  life.  Round  it  he  plants  his 
prickly  hedge  and  calls  the  whole  his  tun  (Ger.  zaun,  a  hedge), 
the  most  general  Teutonic  place-name.  In  Gothic  tains  is  a  branch 
of  the  thorn-bush,  tain-jo  the  woven  basket  that  received  the  frag- 
ments after  the  feeding  of  the  five  thousand.  Here  the  family 
and  not  the  bazaar  is  the  unit. 

In  the  ancient  world  the  Roman  and  the  Teuton  met  again  and 
again  in  conflict.  The  Empire  held  its  own  for  a  time  when, 
across  the  Rhine  and  the  Danube,  securely  flaunted  the  eagles  of 
the  legions.  But  decay  set  in  and  the  Danube  became  the  scene 
of  danger.  By  the  middle  of  the  third  century  the  Goths  overran 
the  whole  country  between  the  Baltic  and  the  Black  Seas.  Round 
the  Carpathians  they  swarmed,  seized  Dacia  (the  modem  Wallachia), 
crossed  the  Danube,  and  in  251  they  met  in  battle  and  slew  the 
Emperor  Decius.  Then,  sweeping  over  the  Balkan  Peninsula, 
they  crossed  into  Asia,  ravaging  as  far  as  Trebizond  and  Cappa- 
docia.  But  in  269  they  suffered  a  check  at  the  hands  of  the 
Emperor  Claudius,  and  for  ninety  years  there  was  peace.  Those 
north  of  the  Danube  came  to  be  known  as  'East  Goths,  those  on 
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the  south  side  as  West  Goths.  Ermanaric,  or  Herman-ric, 
made  of  the  former  a  powerful  dominion  that  had  ultimately  to 
succumb  to  that  terrible  scourge  of  Eastern  Europe — the  Tartar 
Huns. 

Meanwhile,  the  West  Goths  were  torn  by  internal  dissensions. 
A  patriotic  and  apparently  conservative  party  under  Athana-ric 
was  opposed  to  the  Christian  and  Arian  party  under  Frith igern, 
with  whom  Ulfilas  sympathised.  The  latter,  to  avoid  persecution, 
led  a  colony  through  the  Balkan  Passes  and  settled  within  the 
Empire  in  what  is  now  Bulgaria.  This  peaceful  movement  was,  how- 
ever, thwarted  by  cruel  treatment  that  resulted  in  a  rising  in  which 
the  Emperor  Valens  was  slain  at  Adrianople  in  378.  His  successor, 
Theodosius,  made  terms  with  the  Goths,  and  many  of  them  joined 
the  legions.  In  subsequent  Gothic  history  great  names  appear; — 
Alaric,  the  hero  of  national  independence  and  unity,  strong  enough 
to  sack  Bome  itself;  Ataulf,  the  loyal  ally  and  son-in-law  of  the 
Emperor  Theodoric,  who  fell  in  battle  with  Attila,  the  Hun,  on 
the  Frankish  plain  of  Chalons ;  and,  finally,  Theodoric  the  Great, 
the  protector  of  the  peaceful  Boman  against  the  Gaulish  Odoacer, 
and  Emperor  of  the  once  more  united  Western  Empire.  There- 
fore it  is  that  in  the  Italy  of  the  fifth  century  we  find  the  last 
reliable  traces  of  the  Goths — the  Codex  Argenteus,  other  fragments 
of  the  Ulfilic  translation  discovered  as  late  as  1817  and  preserved 
at  Milan*  a  Gothic^  calendar,  and  a  business  document,  the  owner 
of  which  lived  at  Arezzo,  near  Naples.  In  Italy,  however,  the 
Goth  was  but  a  temporary  invader ;  in  Gaul  and  Spain  he  held 
his  own  for  long,  ultimately  succumbing  to  the  Frank  and  the 
Moor. 

On  what  is  known  as  the  Bucharest  ring  is  a  Runic  inscription 

consisting  of  three  genuine  Gothic  words — Gut  annom  hailig — 

dedicated  to  the  Goths'  treasures.     Each  of  these  words  occurs  in 

the  Ulfilic  Gospels.      From  this  we  learn  that  the  Goths  called 

themselves  Gut-os,  in  the  singular  Guts ;  to  the  classical  writers 

they  were  the  Gothones.      There  seems  to  be  a  real  confusion 

between  the  sounds  of  u  and  G.     Ulfilas  speaks  of  the  Epistle 

Du  Bumonim  to  the  Romans,  and  calls  Rome  Rumu.     Shakspere, 

too,  rhymes  Rome  with  doom  and  groom,  and  in  "  Julius  Ctesar  " 

Cassius  says : — 

'*  Now  is  it  Rome,  and  room  enough 
When  there  is  in  it  but  one  only  man." 

The  Ulfilic  form  survives  to  this  day  in  the  name  Ro\rKvft.Ti\%..    '^W 
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fuller  name  for  the  Gothic  people  is  Gut-thiuda.  The  latter  part 
of  this  term  is  the  German  national  name  Deutsch  for  Deut-isch, 
in  Gothic  Thiud-isk ;  it  is  from  a  root  wid'  1  v  diffused  in  all  the  Indo- 
European  tongues,  to  which,  of  course,  Gothic,  as  a  Teutonic  speech, 
belongs.  The  branches  of  the  Indo-European  family  fall  into  thi*ee 
distinct  groups: — I.  Sanskrit,  Old-Persian,  Greek,  Latin,  Keltic, 
Slavonic;  II.  Low  German  (Frisian,  Dutch,  Norse,  Scotch,  English); 
III.  High  German.  Of  these  the  first  to  appear  in  Europe  must 
have  been  the  Keltic;  the  outstanding  physical  features  of  our 
continent — mountains,  rivers,  valleys — bear  Keltic  names.  The 
last  to  appear,  and  the  lowest  in  the  scale  of  culture,  is  the  Slav. 
The  affinities  of  these  tongues  have  long  been  established,  and  the 
principles  involved  are  formulated  in  the  well-known  Grimm's  Law. 
The  most  striking  illustrations  of  the  law  are  to  be  found  in  such 
familiar  and  widely-diffused  words  as  numerals,  pronouns,  and  terms 
for  relationships,  common  natural  phenomena,  domestic  animals, 
and  the  like.  The  law  affects  merely  the  nine  mutes,  as  arranged 
in  three  sets,  viz. : — Hards,  Aspirates,  Softs,  the  initials  of  which 
form  the  mnemonic  H.  A.  S.  Any  word  common  to  the  tluree  groups 
stated  above  will  change,  as  far  as  its  mutes  are  concerned,  from 
group  to  group  in  the  order  of  the  groups  and  the  order  of  the  sets 
of  mutes.  These  changes  can  be  shown  diagrammatically,  thus : — 
A  circular  disc,  divided  into  three  arms  corresj>onding  to  the  three 
gi'oups  above,  is  made  to  revolve  from  left  to  right  within  a  circle 
or  outer  rim,  which  latter  is  divided  into  three  compartments 
con-esponding  to  the  three  sets  of  mutes — H.  A.  S. 

The  typical  illustrations  of  the  law  in  the  three  positions  of  the 
disc  are  these  : — 


Ist  Position.— Group  I. 

Sanskrit,  Grajco-Latin,  Keltic, 
Slavonic. 

Group  II. 
Low-(^ermaii. 


Group  III. 
High-(jerniaii. 


Aspirate. 

Kh.  Th.  Pb. 

h.  f.  V. 


Soft. 


Ca  p  i  t  (is)  (liatiu). 
Tres  (     „    ). 


H  au  b  i  tb  (Gothic). 

H  ca  f  o  d  (Anglo  •  Saxon). 

Tb  ree  (English). 
Tb  reis  (Gothic). 


H  aup  t  (German). 
Drei       (      „      ). 
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2nd  Position.- 

—Group  I. 

Aspirate. 

6  vydnjp  ((Treek). 

* 

„       11. 

Soft. 

( D  auhtar  (Gothic). 
I D  ochter  (Scotch). 

.,       III. 

Hard. 

T  ochter  (German). 

3rd  }*oRition. 

— (iroup  1. 

Soft. 

Fa  g  us  (LAtin). 
D  no     (     ,,     ). 

•„       11. 

Hard. 

\V)  c  (Anglo-Saxon). 
Beech  (English). 
Bo  k  a  (Gothici. 
T  wai  (     „      ). 
T  wo  (English). 

,,       111. 

Aspirate. 

Bu  ch  e  (German). 
Z  wei     (      .,      ). 

We  should  not  expect  too  much  of  this  law,  for  it  applies  merely 
to  a  few  consonants,  and  even  here  there  are  many  exceptions. 
High-German  has  been,  for  instance,  immensely  influenced  by  Low- 
German,  and  has  accordingly  often  changed  its  original  hard  lip 
mute  p  for  b.  This  latter  must  itself  have  been  very  imperfectly 
individualised  before  the  great  break-up  of  the  common  stock. 
The  law,  indeed,  is  very  imperfect  as  regards  German,  not  only  in 
the  lip  but,  also  in  the  guttural  series.  In  the  middle  or  dental 
position,  however,  the  groups  are  clearly  distinguished.  Each 
tongue  has,  in  these  respects,  as  in  others,  developed  on  its  own 
lines,  and  produced  idiosynci-asies  due  to  the  most  powerful  agent 
in  linguistic  variation — dialectic  growth.  Of  far  more  value  are 
the  laws  regulating  the  internal  development  of  each  language, 
and  all  that  gives  it  character  and  individuality.  The  consonants 
are  but  the  hard  unyielding  bones  of  a  word ;  the  vowels,  on  the 
other  hand,  body  forth  those  subtler  influences  of  tone,  accent, 
and  quantity  that  form  the  covering  of  flesh,  complexion,  and 
feature,  differentiating  the  individual,  the  tribe,  and  the  nation. 
True  progress  in  philology  lies  in  a  mastery  of  phonetics  as  applied 
to  the  vowel-system  of  a  language,  and  especially  of  its  dialects. 

Our  own  language,  that  is  to  say,  English  and  Lowland  Scotch — 
for  they  are  substantially  the  same — is  more  nearly  related  to  Gothic 
than  any  other  Indo-European  speech,  brought  as  it  w^as  to  our 
shores  by  the  Englisli  folk,  those  Low-German  tribes  that  had 
spread  westwards  to  the  dreary  Frisian  shores  when  their  brothers, 
the  Goths,  roamed  towards  the  banks  of  the  blue  Donau,  to  waste 
their  strength  in  a  life-long  struggle  with  the  mighty  \)QvrQT  <^1 
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Kome.  The  study  of  these  Gothic  remains  therefore  constitutes, 
not  merely  a  unique  field  of  linguistic  research,  but  is  of  practical 
value  in  helping  to  a  right  appreciation  of  the  history  of  our  own 
toDgue. 

In  all  probability  Ulfilas  reduced  his  native  Gothic  to  writing 
for  the  fii*st  time,  and  for  this  purpose  constructed  his  alphabet  on 
a  basis  of  Runic,  Greek,  and  Latin  characters.     As  to  which  of  the 
three  formed  the  primary  basis,  scholars  are  not*  agreed.     German 
writere,  whose  views   are  endoraed  by   Mr.    Douse,  assign  this 
position  to  the  Runic  alphabet,  while  Prof.  Skeat  discusses  the 
whole   point   without   the   slightest   reference   to   Runes.       The 
question  is  a  difficult,  but  not  very  momentous  one.     Written 
symbols  of  every  kind  are  peculiarly  liable  to  change.     We  all  use 
the  same  conventional  set  of  cursive  characters,  and  yet  in  practice 
these  assume  endless  varieties  of  form.     Further,  it  is  more  than 
likely   that   both  Runic  and   Greek,  i.e.,   Phoenician  characters, 
diverged  from  a  common  source.     Runes  form  an  undoubted  i*elic 
of  Teutonic   antiquity.       Widely    diffused    over    northern    and 
western  Europe,  they  acquired  a  mystic  force  from  their  extensive 
use  in  charms  and  divination.     They  have  not  come  down  to  us 
in  connection  with  literary  remains,  but  merely  in  incised  inscrip- 
tions on  stones,  crosses,  weapons,  tkc.     The  word  rune  (Go.  runi 
and  A.-S.  run)  means  a  mystery,  not  a  letter,  for  which  Ulfilas 
uses  hoka.     In  0-Eng.  and  Sc.  the  verb  to  roun  or  round  means 
to  whisper,  and  its  cognate  Lat.  nivwr  properly  means  a  whisper, 
while  in  its  Sanskrit  form — bra — the  woi-d  means  to  speak,  and  is 
very  commonly  used.    It  may  here  be  noted  that  Runic  letters  are 
formed  almost  entirely  of  combinations  of  straight  lines,  generally 
in  threes.     All  writing  is  indeed  a  variety  of  printing  or  graving 
that  has  become  more  and  more  cursive.     Thus  s,  which  has  now 
its  familiar  serpentine  form,  shows,  as  a  Rune,  three  lines  en  zigzag, 
as  in  the  oldest  form  of  the  Gr.  sigma.     Again,  the  Runes  had 
names  attached  to  them,  showing  their  pictorial  or  hieroglyphic 
origin.     Thus  the  first  is  /  =  faihuy  the  Go.  cattle ;  Sc.  fee,  Ger. 
vieb,  just  as  in  Heb.  al-eph  is  the  ox.     O  is  dthcU  an  heirloom, 
inheritance,  not  extant  in  Gothic,  but  in  Orkney  applied  as  tidal 
to  a  form  of  land  tenure,  and  as  udaller  familiar  to  readers  of 
Scott's  "Pirate."     The  Norsemen  in  Ireland  made  it  O'Dell.     T 
again   is   Tins  (Tues-day),    the   Northern  Jove,   wielder   of    the 
thunderbolt,    which  indeed   the   character  symbolises,  for  it  is 
nothing  but  the  Government  broad  arrow.     Ulfilas  significantly 
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eschews  the  use  of  this  heathen  name.  But  that  his  people  must 
have  been  familiar  with  Runes  and  their  names,  is  believed  to  be 
proved  from  a  curious  Viennese  MS.  of  the  ninth  century  contain- 
ing the  Gothic  alphabet,  with  the  recognised  Runic  names  for  the 
letters.  Not  many  of  the  Runes,  however,  were  adopted  by 
Ulfilas  without  modification  under  Greek  influence.  A  is  more 
Runic  than  Gr. ;  b,  i,  r,  are  common  to  both  systems.  The  Rune 
u  seems  clearly  repeated  in  Gothic,  yet  Prof.  Skeat  regards  it  as 
a  Lat.  u  inverted.  He  is  equally  determined  to  ignore  Runes  in 
the  case  of  o,  which  symbol  reproduces  a  Rune  very  fairly,  yet 
some  see  in  it  Gr.  omega,  and  Skeat  the  inversion  of  a  Gr.  con- 
traction for  ou  y.  Some  of  the  symbols  are  cei*tainly  Greek : — 
g  (hard),  e,  k,  1,  n,  p,  w  (upsilon),  and  ch,  used  merely  in  such 
proper  names  as  Christos.  Ulfilas  does  not  give  ch  its  Runic 
nasal  force,  for  which  he  doubles  g  as  in  Greek,  c.y.,  hriggan^  to 
bring.  From  the  Latin  alphabet  he  borrowed,  it  is  thought,  d,  h,  m, 
s,  t,  and  f,  of  which  the  two  first  are  not  at  all  Runic,  but  m  is 
equally  Runic  and  Latin,  though  with  a  different  phonetic  value,  and 
s,  t,  and  f  can  be  easily  traced  to  runes.  Gothic  j  (as  y  in  yes)  Skeat 
gets  from  Lat.  g,  yet  this,  too,  looks  like  a  modified  Rune  of  similai* 
value.  There  remain  the  characteristically  Gothic  kw,  hw,  and  th. 
The  first  Mr.  Douse  regards  as  a  Rune  for  qu,  used  as  a  number  = 
90,  but  Prof.  Skeat  the  Lat.  u.  Hw  cannot  be  accounted  for; 
but  Prof.  Skeat  considers  it  Gr.  theta,  while  to  explain  the 
thoroughly  Teutonic  th-symbol  he  resorts  to  the  far-fetched  device 
of  inverting  Gr.  phi.  The  Anglo-Saxon  thorn-letter  closely 
follows  the  Runes.  Lastly,  Ulfilas  uses  his  letters  as  numbers, 
hence  we  know  their  sequence,  which  is  that  of  Greek,  not  Runic, 
where  the  alphabet  was  known  as  futhork  from  its  first  six 
letters,  viz.,  f,  u,  th,  o  (for  a),  r,  k. 

It  is  interesting  to  know  the  phonetic  value  Ulfilas  probably 
attached  to  his  symbols.  This  we  ascertain  from  two  sources,  a 
comparison  with  the  general  Teutonic  vowel  and  consonantal 
system,  and  a  study  of  Ulfilic  transliterations  of  Greek  proper 

names.     His  vowel  system  is  : — 

>^hort  &  as  in  manna =Sc.  man.  |     Long  a,  rarely  used. 

,,     ai  for  e  as  a»rMa= earth.  ,,      (-as  g€bun  (gayvoon),    the}' 

gave, 
ei  (I)  as  xvtis  (weece),  we. 
o  as  w6kf  I  woke. 
ii  as  8ut8  (soots),  sweet. 
The  Greek  transliterations  for  the  most  part  bear  out  these  values.. 


,,     ias^iE»=fish. 

,,     au  for  6  rfattr= door. 

,,     u  as  9ttn«=80on. 
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but  it  is  probable  that  Ulfilas  found  his  vowel  system  different 
from  the  Greek.  It  seems  strange  that,  having  adopted  Or.  eta 
as  a  symbol,  he  should  have  given  it  the  long  sound  of  upsilon, 
and  chosen  to  use  ai  for  the  short  sound,  thus — Baiailzaibul  = 
l3€€\(€fiov\^  Gaiainna  =  FccFva,  Gehenna.  Similarly,  o  is  always 
long,  and  au  represents  its  short  sound,  as  Apaustaulus,  aTrocrroAos. 
These  short  sounds  ai  =  g  and  au  =  o,  are  almost  restricted  to  those 
cases  in  which  these  vowels  are  followed  by  r  or  h.  A  somewhat 
similar  disturbing  effect  of  r  is  still  seen  in  clerk,  Derby,  and  less 
correctly  in  servant  (sarvent),  and  sergeant  (sargent).  The  com- 
bination ai  and  au  elsewhere  have  the  values  of  Ger.  Kaiser  and 
Haus  respectively.  Long  i  is  ei  =  ee  in  seen,  but  the  translitera- 
tion varies,  Go.  ei  representing  Gr.  t,  ct,  and  7/,  e.g.,  Aileisabeth  = 
EXorajScT,  Jaeirus  =  loctpos,  and  Atheineis  =  A^vai.  The  con- 
sonants do  not  call  for  much  remark ;  g  has  always  its  hard  sound, 
j,  which  has  now  its  palatal  sound  under  the  influence  of  French, 
has  the  sound  of  y  in  yes ;  p  seldom  appears  in  Gothic  words 
except  in  the  middle  position,  and  b  has  the  force  of  f  or  v  between 
vowels.  In  courae  of  time  the  Go.  consonants  have  become  greatly 
altered.  Thus  Go.  s  is  often  Eng.  and  Ger.  r,  e.g.,  raus,  a  I'eeds 
Ger.  Rohr,  dius,  a  beast  =  deer,  auso  =  ear,  huzd  =  hoard,  gazd,  a 
goad  =  yard,  haus-jan,  to  hear.  Go.  b  is  f  in  laub  =  leaf,  giban, 
to  give.  H  is  always  in  Go.  a  strong  guttural,  as  hauh  =  high, 
Ger.  hoch,  Sc.  heech.  But  the  strongest  changes  appear,  as  is 
natural,  in  double  consonants,  for  here  we  encounter  a  potent 
factor  in  phonetic  change,  human  laziness.  Initial  sk  =  sh  in 
skoh  =  shoe,  skadwus  =  shadow,  skainan  ^  shine  ;  hr  and  hi  lose 
h,  as  hlauts  =  lot,  hlah-jan,  laugh,  hlaifs  =  loaf,  hlaiw  =  law,  a 
hill,  liraw  =  raw,  hruk-jan  =  rook,  hwairban  =  warp,  hliftus,  thief 
(cattle-lifting).  8c.  sometimes  preserves  this  initial  sound  as  in 
Go.  hropjan,  to  call,  Sc.  hraep,  sometimes  heard  as  thrae]),  to  argue. 
The  difficult  sound  th  is  often  changed  to  d,  as  Go.  maurthra  = 
murder,  sin  than,  to  go,  wander  =  send,  hlethra  =  ladder,  but  Sa 
lether,  sneithan,  to  cut,  Ger.  schneiden,  Sc.  snod,  balths  =  bold, 
kiltheis  =  child.     In  Sc.  th  is  often  heard  for  Eng.  d,  e.g.,  shouther 

=  shoulder,  pootlier  =  powder,  bethel  =  beadle.  Lastly,  initial  h w, 
common  in  Go.,  is  now  either  wh  or  simply  w.  Only  in  Sc.  is  the 
original  sound  preserved.  Our  which  is  a  good  illustration  of 
phonetic  change — in  Go.  hwileiks,  in  Sc.  hwilk,  but  in  Eng.  which,  or, 

rather,  witch.  A  countryman,  sauntering  near  the  Strand,  asked 
A  joasser-by,  "  What  street  is  this  ?"     The  answer,  "  Wych  Street," 


^m^ 
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made  him  repeat  hLs  query,  M'hei*eupon  the  Londoner  testily  said, 
"  Wy,  Wych  Street,  of  course,"  and  walked  on,  doubtless  mentally 
objurgating  Doric  dulness. 

If  we  turn  now  to  the  Ulfilic  remains  as  we  find  them,  it  may 
be  asked.  With  what  degree  of  completeness  do  they  present  the 
Gospel  narrative?     The  second  Gospel  is  almost  complete,  the 
others  show  numerous  and  extensive  lacunce,*     Of  not  one  of  the 
Goepels  is  the  concluding  iK)rtion  preserved.      The  last  words 
of  the  narrative,  as  a  whole,  form  the  repoii;  of  Mary  Magdalene, 
that  she  had  seen  her  risen  Lord  on  the  first  day  of  the  week. 
We  miss   the   marriage   supper   at    Cana,  the   interviews  with 
Nicodemus  and   the    Samaritan   woman,    the    good   Samaritan, 
the  Agony,  and  the  institution  of  the  Lord's  Supper.      But  we 
have  the  story  of  our  Lord^s  birth  and  early  life,   the  episodes 
of  the  Baptist  and  the  Temptation,  the  great  miracles,  the  best 
discourses,  such  as  the  Lord's  Prayer,   Sermon  on  the  Mount, 
and  the  farewell   to  the  disciples,   the  most  familiar  parables, 
the  entry  into  Jerusalem,   the  trial,  crucifixion,    and  resurrec- 
tion.    A  closer  scrutiny  of  this  unique  relic  ought  to  proceed 
on  three  lines: — (a)  what  are   its  merits  as   a  translation?  (6) 
what  does  it  reveal  of  the  material,  social,  and  intellectual  con- 
dition of  the  Goths  at  the  time?  (c)  what  are  its  afiinities  with 
Scotch,  English,  and  German? — the  modern  languages  with  which 
it  is  intimately  connected.     From  the  philologist's  point  of  view 
the  first  may  be  passed  over.     Ulfilas  keeps  faithfully  to  the 
Greek  text,  and  in  the  spirit  of  Old-English,  and  the  prevailing 
practice  of  modern  German,  he  refrains  from  adopting  a  foreign 
word,  but  prefers,  if  possible,  to  translate  it.     In  this  respect  we 
have  long  enjoyed  Free  Trade,  and  freely  admitted  within  our 
shores  an  unlimited  number  of  foreign  words,  not  unfrequently 
ousting  good  native  products  in  the  process.     Many  terms,  how- 
ever, Ulfilas  adopts.      The  Greek-borrowed  words  include  those 
connected  with  the  church  services,  dress,  and  articles  of  utility  or 
refinement,  such  as  paska  (old  Scotch  pash^  Easter),  purple-dye,  sack- 
cloth, olive-oil,  myrrh,  linen,  mustard.  The  Latin,  on  the  other  hand, 
refer  to  war,  government,  money,  and  the  liko,  r>uch  as  Cceaar 
(Kaisar),  pretorium,  viilitarej  regere^  cumbere  (to  sit  at  meat), 
fascia.     Of  these  native  equivalents  the  following  may  be  taken 


*  The  accompanying  diagram  shows  the  gaps  in  the  MS.  referred  to.    The 
paasageB  awanting  are  shown  iu  black. 
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as  samples: — bookers  =  scribes,  finger-gold  =  ring,  hunsel-stead  = 
altar,  t.^.,  (Sc.  hansel )-place  ;  wine-berry = grape,  hundred-lord  = 
centurion,  ladder-sticks  =  tabernacles,  harns-stead,  i.e.,  brains-place 
=  Golgotha,  the  place  of  a  skull. 

Of  more  vital  interest  is  the  evidence  these  remains  afibrd  of 
the  condition  of  life  of  the  Goths.  In  one  respect  they  have  the 
advantage  of  preserving  in  transverse  section  a  petrifaction,  as  it 
were,  of  contemporary  speech.  On  tlie  other  hand,  the  limited 
range  of  subjects  in  the  Gospels  excludes  many  departments  of 
social  and  intellectual  activity.  We  miss  the  language  of  war 
and  the  chase,  of  the  social  pleasures,  of  folk-lore.  But  it  must  be 
admitted  that  the  Gospel  narrative  comes  very  near  to  our  **business 
and  bosoms,''  so  we  should  expect  to  find  in  the  language  of 
XJlfilas  no  lack  of  homely  and  intelligible  terms.  A  glossary 
arranged,  as  it  is,  alphabetically,  conceals  the  evidence  it  bears 
of  social  and  intellectual  status.  More  instructive  would  it  be  to 
have  the  words  classified  under  subjects.  The  main  heads  might 
be  (1)  Man  and  his  personal  environment  (man  generally,  parts  of 
the  body,  relationships,  dwellings,  dress,  feelings);  (2)  Man's 
remoter  natuml  surroundings  (plant  and  animal  life,  the  weather, 
time^  (fee.);  (3)  Man's  forms  of  activity  (occuptitions,  war,  civil 
life,  education,  and  religion).  Under  these  heads  a  mass  of  most 
interesting  words  are  to  be  found  in  Gothic,  most  of  which  are 
still  in  use  among  us,  the  rest  are  quite  familiar  to  a  Scotchman, 
and  in  a  large  degree  to  a  German.  All  of  them  have  a  history 
in  themselves  and  in  the  affinities  they  suggest. 

Here  follow  some  specimens  of  this  instructive  catalogue  : — 

I.  Man  and  His  Personal  Environment. 

Man  generally. — fratr  =  Lat.  vir,  the  strong  one,  the  hero, 
obsolete  but  seen  in  O.-Eng.  wer-old  =  world,  Sc.  wardle,  e.g.^ 
"Eh,  sirs  !  sic  a  weary  wardle"  ('* Johnny  Gibb  o'  Gushetneuk"). 
It  is  found,  but  obscurely,  in  Canterbury  -  Roman  Cant-uarius  = 
bury  or  town  of  the  men  of  Kent.  In  this  word  er  represents  A.-S. 
waru  =  wair,  common  in  old  place-names.  In  Gael,  wair  is /ear y  as 
in  Mac-Pherson.  6^wma  =  homo,  the  earthy  one  (bride-g(r)oom, 
yeoman).  Queins  =  yvvrj^  the  producer,  used  for  woman  generally, 
our  queen,  Sc.  quean. 

Parts  of  the  Body. — Leik  =  body  generally,  dead  or  alive,  very 
common  in  Eng.  as  in  lich-gate,  lyke-wake.  //i(;airnei  =  brains, 
Sc.  hams,  Ger.  Ge-hirne,  renders  Golgotha  =  hwaimei-staths,  place 
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of  a  skull.  Lof-a  =  Sc.  loof,  c£,  die  flache  Hand,  the  open  palm. 
"Some  standing  by  stinick  Jesus  with  the  lofa  (loof)." — John 
xviii.  22.  In  A.-S.  it  is  lof.  Beowulf  has  g-16f,  our  glove,  an 
almost  solitary  trace  of  the  prefix  ge,  so  common  with  nouns  in 
Qothic  and  Grerman.  Gothic  shows  that  our  gallop  has  also  a  trace 
of  it  in  verbs,  for  it  is  Go.  ga-hlaupan,  to  run,  our  leap,  Sc.  lowp, 
Ger.  laufen,  Eng.  loafer  and  inter-loper.  Kinnus  =  the  cheek,  our 
chin.  Sc.  keeps  k  in  kin-cough  for  chin-cough,  Du.  kink-hcest. 
Literally  it  is  the  curved,  crooked,  as  in  kink,  a  twist  in  a  rope, 
Sc.  kinch.  Taihs-wa  =  dexter,  the  pointer  or  right  hand.  Gothic 
has  a  word  for  one-handed  =  hamfs,  in  the  general  sense  of  maimed, 
'*If  thy  hand  offend  thee,  cut  it  off;  good  is  it  for  thee  to  enter 
into  life  one-handed  than  to  enter  Gehenna  having  two  hands  "  = 
'*  Jabai  marzjai  thuk  handus  tbeina,  afmait  tho ;  goth  thus  ist  hamr 
famma  in  libain  galeithan,  than  twos  handuns  habandin  galeithan 
in  gaiainnan." — Mark  ix.  43.  ZTatA*  =  one-eyed,  a  curious  com- 
pound, according  to  Bopp,  of  the  -ce  of  ec-ce  hic-ce,  e-ka  (Sanskrit 
one)  along  with  the  common  Aryan  for  the  eye,  Go.  augo, 
Lat  oc-ulus.  The  whole  is  therefore  in  the  Roman  name  Horatius 
Coc/e«  =  the  one-eyed.  The  syll.-ha  =  ka  (Sans.)  is  in  both  hamfs 
and  haihs.    Hamfs  =  ha-nifa,  Sc.  neive,  fist. 

Relationships. — Our  word  father  is  not  in  Go.  except  in/adr- 
eins  =  parents  or  family  (Joseph  was  of  the  house  of  the  fa/mily 
of  David).  Its  stem  is  in  hund-faths  =  master  of  a  hundred  and 
bruth-faths  =  lord  of  the  bride.  Faths  is  fode  =  a  man,  in  our 
old  ballads  such  as  Cheild  Rowland  and  Burd  (bride)  Ellen,  e.g., 
"  God  rue  on  thee,  poor  luckless  fode,  what  bast  thou  to  do  here?  " 
The  root  of  these  means  the  protector,  and  is  more  classical  than 
Teutonic.  Mother  is  nowhere  in  Go.  The  place  of  these  two 
terms  is  taken  by  the  onomatojx)etic  atta,  aithei.  Such  words 
are  common,  e.g.,  abba,  papa,  tata  (Vaidic  and  Greek),  and  dad, 
hence  Att-ila,  the  Hun  =  the  little  father.  The  Czar  is  still  to  the 
Slavs  the  little  father.  Atta  in  Sans,  is  mother  or  aunt  =  Go. 
aithei.  Widuwo  =  widow,  the  bereaved  one,  really  an  adj.,  as  vidutis 
ager,  a  fallow  field,  in  Lat.  This  is  also  its  force  in  Go.  and  Sc. 
The  woman  of  Sarepta  is  "quinon  widuwon"  =  a  widow  woman. 

Dwellings.  —  Gothic  has  for  TroXts,  batcrgs,  burgh  =  a  walled 
place.  A  smaller  collection  of  houses  is  either  weiJis  =  vicus, 
Aatm»  =  Sc.  hame,  ham-let,  or  <Aaitrp  =  thorpe,  Ger.  Dorf.  The 
town  Wick  is  not  weihs,  but,  like  wA;-ing,  is  from  Norse  vik^  a 
creek,  bend,  bay,  from  the  root  of  weak.    Gud-hxis  is  the  only  use  of 
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our  word  house  in  Ulfilas,  and  means  God's-house  or  temple.  The 
common  term  is  gards  =  yaiTd,  a  hint  that  there  prevailed  among 
the  Goths  that  primitive  type  of  farm -life  in  which  a  settler  effects 
a  clearing  in  the  primeval  foi*est  and  encloses  his  home  (cf.  Sc. 
farm-toon),  for  this  is  the  radical  sense  of  both  gards  and  toon. 
If  rot  =  roof  is  what  is  uncovered  to  admit  the  paralytic  into  the  house 
where  Jesus  was.  In  the  Heliand,  a  Low-German  poem  upon  the 
Saviour,  of  the  9th  century,  the  sufferer  is  admitted  "  thurk  thes 
huses  hrost "  =  through  the  house's  roof.  Hrot,  roof,  roost,  roast 
are  all  the  same,  originally  the  rafters  on  which  the  fowls  perched. 
"  Rule  the  roast  '*  has  nothing  to  do  with  roasting,  but  is  like  "  Cock 
of  the  walk.''  Ubizwa  =^  enyeSy  shows  that  our  own  word  is  not 
really  a  plural.  Gibla  =  gable,  Sc.  and  Du.  gevel  is  that  pinnacle 
of  the  Temple  to  which  the  Tempter  leads  Christ.  Inside  the 
Gothic  house  there  was  the  mes  (mess)  or  table,  while  the  hearth, 
ashes,  oven,  smoke,  kettle,  pot,  stool,  bed,  all  bore  names  still 
common  in  Sc.  or  Eng. 

Dress  in  general  is  i/;aM=Lat.  vestis.  Paida,  a  coat  of  skins, 
•  to  this  day  the  dress  of  Slavonic  shepherds,  is  said  to  be  in 
pea-jacket,  which  has  come  through  Dutch.  Another  hint  of 
a  national  peculiarity  in  dress  we  get.  When  Mary  wiped  Our 
Lord's  tear-moistened  feet,  Ulfilas  uses  for  our  phrase,  "  the  hairs  of 
her  head,"  Skufta  hauhidis  seinis.  Skujl  is  the  top-knot,  Ger. 
Schopf.     The  Greek  here  simply  says  Qpi^lv  1-^9  K6<^aA^9. 

II.   Man's  Natural  Surroundings. 

Natural  Phenomena, — To  Ulfilas  heaven  and  earth,  sun,  moon, 
and  stars,  sea  and  land,  berg  and  dale,  stone,  fen,  flood,  water,  bum, 
gold,  silver,  iron,  salt,  were  known  by  precisely  the  same  names 
as  to  ourselves.  The  sun  was  known  by  two  names,  sunno^  fem., 
and  sauily  Lat.  sol.  neut.  The  sea  was  the  saiioa,  the  tossing  one, 
the  lake  marei,  the  O.-Eng.  mere.  A  country  district  was  a  gaioi, 
still  heard  in  Rhein-gau  and  Miln-gavie ;  a  field  was  hitgSf  a  haugh, 
or  akr8  =  acre,  Lat.  ager.  Ahwos,  toiTcnts  of  rain,  is  aqua,  the 
universal  Aryan  word  for  water. 

Plant  Life, — Grass  is  Go.,  but  not  in  its  restricted  sense,  rather 
herb.  The  mustard  seed  is  the  greatest  of  all  the  grasses,  cf.  gorse. 
In  our  sense  Aat(?i  =  hay  is  used,  e.g.,  "  If  God  so  clothe  the  hay  of 
the  field."  For  fruit  generally,  especially  of  the  fields,  we  have 
akran  (akr8  =  field),  our  acorn,  now  restricted  in  sense.  It  has 
nothing  to  do  with  the  word  oak.     Tree  generaWy  \ft  hagm=\i«Msi^ 
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Ger.  baum.  Timber  is  triu  =  tree.  The  band  that  came  to  the 
garden  to  seize  Ohrist  were  armed  with  trees  (staves).  This 
explains  the  expression  '^  nailed  upon  the  tree/'  spoken  of  the 
Crucifixion.  Strange  to  say,  Go.  gives  no  native  tree-names.  Of 
grains,  three  bear  the  modern  names : — ^Atisk*  =  Old  So.  aitis,  oats, 
lit.  what  is  eaten,  but  used  for  the  field  of  corn  (oTropLfiov)  through 
which  our  Lord  walked  on  the  Sabbath-day.  In  the  A.-S.  Bible 
we  read  "Tha  Noe  ongan  him  aetes  tilian"  =  then  Noah  began  to 
get  him  food.  Hwaits  =  wheat,  sounds  quite  homely  to  us,  so  also 
does  haris  =  here,  barley.  Ahs,  an  awn  or  ear  of  corn,  and  ahana, 
chaff,  mean  lit.  the  little  sharp  thing,  Lat.  acus,  a  needle. 

Animals, — Beast  in  general  is  dius  =  deer  ("ratsand  mice  and  such 
small  deer,'*  Shak. ) ;  wolf  and  fox  occur  under  these  names.  Worm, 
as  in  O.-Eng.,  means  a  serpent  or  dragon,  cf.  Great  Orme's  Head. 
Bird  in  general  is  the  Bible  word/oiol.  Sparrow  (sparwa)^  dove,  and 
eagle  are  named,  the  first  two,  as  in  Eng.,  but  in  the  passage, 
"Where  the  carcase  is,  there  are  the  eagles  gathered  together,"  eagle 
is  ara.  This  word,  now  lost,  is  the  0-Eng.  and  Sc.  earn  or  erne 
and  Ger.  A  dler  =  Adel-aar,  the  noble  bird.  The  0-Eng.  erne  exists  • 
as  a  surname,  e.g.  Dr.  Arne,  the  famous  musician.  Thomas  the 
Rhymer  says:  — 

'*  The  raven  shall  come,  the  erne  shall  go, 
And  drink  the  Saxon  bluld  sae  free." 

For  the  domestic  animals,  cattle  generally  is  faihuj  a  widely 
diffused  word,  lit.  the  tethered;  it  is  our  fee.  In  Barber's  Brus 
it  has  its  original  meaning: — 

"  In  the  contrie  thar  wonnyt  ane 
That  husband  wes  and  with  hiafe 
Oft-syss  hay  to  the  peile  led  he." — Book  x.  150. 

Ox,  the  carrier  (cf.  veho),  is  auJisus,  retaining  the  original  guttural. 
Our  ewe,  Lat.  ovis,  is  found  in  awe-thi,  a  shepherd,  and  atoi-^tVy  a 
fold.  Ulfilas  uses  in  "  Behold  the  Lamb  of  God ! "  the  word  toithrusj 
our  wether,  lit.  a  yearling.  Horse  is  not  in  the  Gospels,  but  the 
Runic  aihwus  (horse)  is  in  aihwa-tundja,  the  burning-bush,  the 
first  member  of  which  is  cognate  with  wkvs,  swift,  acer,  and  the 
latter  part  our  tinder.  In  0. -Norse  eliwa  and  in  A.-S.  ehu  mean 
horse.  In  such  a  compound  it  should  be  noted  that  horse  simply 
means  large,  cf.  horse-chesnut,  and  iTnro-KdvOapo^  horse-beetle  or 


*  Cf.  Sans.  Anna,  lit.  what  is  eaten  for  ad-na  (root  ad),  food  in  general, 
rice. 
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monstrous  beetle.  This  old  term  for  horse  is  found  in  Bums  in 
the  form  of  aiver,  e.g. — 

"  Yet  aft  a  ragged  cowte's  (colt)  been  kDown 
To  xnak  a  noble  aiver ; 
Sae,  ye  may  doucely  fill  a  throne 
For  a'  their  clish-ma-claver." — A  Dream. 

The  noble  aiver  here  turned  out  to  be  George  IV>  The  glossary  says 
of  the  word,  an  old  horse,  which  makes  the  poet  far  from  compli- 
mentary. One  other  singular  animal  name  is  in  Ulfilas.  The 
Baptist  was  clad  in  camel's  hair  (Ga-wasiths  taglam  ulbandaus). 
The  Go.  for  hair  is  tagl,  our  word  tail.  Ulbandus  is  for  KafirjkoSy 
and  the  wonder  is  how  such  a  word  came  into  the  language.  It 
has  a  long  and  interesting  history.  In  Greek  it  is  cAccj^as,  our 
elephant,  in  A.-S.  olfend,  the  camel,  in  Lat.  ebur,  ivory,  for  this 
was  known  in  the  west  long  before  the  animal.  The  first  part  of 
Alphabet  leads  us  to  the  Semitic  form,  Heb.,  aleph  and  eleph, 
the  ox,  and  ib&h,  the  elephant.  For  the  old  alphabets  were  hiero- 
gljrphic  or  pictorial  in  origin.  The  true  Teutonic  alphabet — the 
Runes — was  of  this  nature,  and  the  letters  had  nauies.  Ulfilas  based 
his  chai*acters  on  Runes,  as  modified  by  Greek  and  Latin.  The  first 
letter-name  in  these  was,  as  in  the  PJhcenician  alphabet,  the  ox, 
the  Go.  faihu,  and  its  symbol  can  still  be  seen  in  our  F. 
Another  is  called  Tins  =  ^  =  T,  the  Teutonic  Jove,  wielder  of  the 
thunder-bolt,  and  still  in  Tues-day.  The  symbol  is  just  the  broad 
arrow  or  sapper's  mark.  What  was  struck  by  his  bolt  must  be 
deO'dcUum,  confiscated,  and  thus  Government  serves  itself  heir  to 
his  thunder.  But,  to  return  to  Ulbandus^  el-eph  contains  the 
Arabic  article  el  or  al.  The  second  syllable  is  one  of  many  Sanskrit 
names  for  the  elephant,  ibha  =  the  strong  one,  and  the  appearance 
of  the  term  in  the  west  is  due  to  the  Arab  traders  who  from  the 
very  early  times  shipped  the  animal  and  ivory  from  Ceylon.  Ibha^ 
again,  is  the  Gr.  adverbial  sulfix  and  adv.  i<;^r,  and  it  does  the  same 
duty  in  Go.,  where  adverbs  are  regularly  formed  from  adjectives 
by  adding — aba,  e.g.,  baitr-aba  =  bitterly,  abr-aba  =  ably.  In  0-Eng. 
we  have  the  Romance  oliphant,  still  a  surname.  Chaucer,  in  his 
own  tale  as  poet  of  the  Canterbury  pilgrimage,  sends  the  Quixotic 
knight  Sir  Thopas  to  do  battle  with  the  giant  Sir  Oliphaunt. 

III. — Man  and  his  Activities. 

Occupations. — As  might  be  expected,  the  Ulfilic  vocabulary 
is  rich  in  terms  of  agricultural  life.  Ploughing  is  the  Bible 
word  earing  (ar-jan) ;  plough   itself — our  ^ot<i  \a  t^qX*  Qt^.  \i\>N* 
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Slavoaic  —  is  hoha  =  hoe  (cf.   Sc.  howk,  and   Eng.   hew,   hue), 

gau-ja,  a  peasant,  is  the  Aberdonian  gudge,  familiar  to  readers  of 

"  Johnny  Gibb."     Warlike  terms  are  Aar-jis,  an  army  in  the  sense 

of  a  destroying  host,  as  in  harry,  herr-ing  (moving  in  vast  shoals) ; 

g^-draulUSy  a  soldier,  lit.  one  who  serves,  ifrom  a  Go.  verb  (driugan), 

still  in  Sc.  dree,  in  the  old  expressive  phrase,  to  dree  his  wyrd,  or 

meet  his  fate,  in  drock  and   its  equivalent  dwarf;  toeigan^  to 

fight,  and  wigy  a  warrior,  are  in  Wallace  wight,  wage  and  vie. 

Civil  Life. — The  Goths  called  themselves  as  a  nation  Gut-thiuda, 

the  root  of  which  is  the  Indo-Eur.  <m,  to  swell,  be  large  or  mighty, 

as  in  Lat.  tu-mor,  tu-ber,  tu-eor,  and  in  Eng.  in  thu-mb,  the  thick 

one,  der  Dichc.     A  monarch  is  kindinSy  from  the  same  stem  as 

king.     Reiks,  the   Hindoo  rajah,   Lat.   rex,   is  very  common  BiS 

ruler,  Ger.  Reich  and  ric  in  bishop-ric,  and  in  drake  (duck-king). 

The  most  frequent  term  of  respect,   and  always  applied  to  our 

Lord,  is  fraii-ja  =  Kv/0109,  now  quite   lost,   but  common   in  the 

ballads  as  free. 

"  No  longer  durst  I  for  him  let, 
But  furtli  I  fundit  (went)  with  that/rce." 

— As  I  went  on  ae  Monday, 

— The  editor  of  the  ballad  remarks : — Free,  fey,  lord,  or  fairy,  and 
thus  gets  over  a  difficulty  with  a  little  courage.  This  word  may 
be  the  curious  Norse  surname  Fridge,  seen  on  tombstones  in  the 
north,  and  freyr,  the  O.  Norse  equivalent  of  frauja,  gives  here  a 
better  explanation  of  the  surname  of  Frier  than  the  Romance  friar. 
The  refined  arts  of  healing  and  teaching  are  illustrated  by  lekeis,  a 
physician,  the  O.  Eng.  leech,  lit.  the  licker,  and  by  laisari,  Ger. 
Lehrer,  which  Ulfilas  uses  for  rabbi.  The  root  is  in  a  Go.  pret.  verb 
laisj  I  know,  and  its  derivative  therefore  means  one  who  makes 
to  know.     Lais  is  lore,  and  Sc.  lere. 

Religion, — The  Supreme  Being  is  Guth  God,  peculiarly  Teutonic, 
and  of  uncertain  origin.  Ulfilas  refrains  from  using  the  Runic 
Tins.  A  demon  is  skohsl,  Ger.  Scheu-sal,  Sc.  shoo,  cf.  monstrum. 
But  a  commoner  term  is  tm-hulthay  Devil,  Satan,  still  in  Ger. 
un-hold,  unkindness,  sin,  and  Held,  a  hero,  hence  the  favourite 
O.-Eng.  name  Hilda,  the  gracious  one.  Hell  is  haljUf  the  covered 
or  hidden,  cf.  Hades,  the  unseen.  The  root  is  in  Ait^jan  to  cover, 
Sc.  hool  of  a  pea,  and  the  hulls  of  ^*  Sartor  Resartus.''  A  priest  is  a 
gudrja,  or  good  man.  The  affix  ja  is  very  common  as  a  diminutive 
in  Sc.,  and  specially  Aberdeenshire,  e.y.y  wifie,  lassie.  In  this 
connection  may  be  noted  an  odd  expression  that  throws  light 
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on  the  ceremonial  of  Go.  worship.  When  our  Loixl  entered  the 
synagogue  at  Nazareth  on  Sabbath  He  stood  up  to  read,  in  Gr. 
av«my  avay.vwvat,  in  Go.  us-stoth  siggwan  bokos= stood  up  to 
sing  the  book.  Again,  a  certain  lawyer  asked,  **  Master,  what 
shall  I  do  to  inherit  eternal  life  ? "  "  What  is  written  in  the 
law?  How  readest  thoul"  replied  the  Master.  The  Gr.  is 
simply  wm  dvayi'cixrKcts,  but  Ulfilas  says  Hwaiwa  us  siggwis? 
how  outsingest  thou?  Wherever  Scripture  reading  occurs  this 
verb  siggtoan  is  met  with.  Our  word  read  is  also  in  Go.,  but  in 
the  sense  of  speaking.  All  this  points  to  the  custom  of  hearing  the 
lessons  read  in  a  kind  of  recitative  or  chant  during  the  ordinary 
church  services. 

The  foregoing  terms  give,  in  considerable  variety,  evidence  of 
the  social  and  intellectual  condition  of  the  Goths.  They  also  bear 
out  the  fact  that  these  people  were,  in  a  veritable  sense,  our 
forefathers.  A  further  inquiry  will  prove  that  these  remains  throw 
a  very  instructive  light,  not  only  backward  upon  the  primitive 
condition  of  Teutonic  Europe,  but  forward  on  many  words  and 
expressions  still  in  common  use.  As  we  have  a  fuller  and  richer 
history,  and  an  older  and  more  varied  literature  than  any  other 
European  country,  it  cannot  but  happen  with  our  words,  as  with 
our  institutions,  that  old  friends  assume  new  faces.  Gothic, 
therefore,  serves  to  show  how  great  has  been  this  change  in 
meaning  as  well  as  form.  The  long-forgotten  sense  in  which  they 
occur  gives  us  a  strange  surprise.  Sutizo  comp.  of  suts= sweet,  is 
in  Matt.  xL  24 — "  Sweeter  [i.e.,  better]  will  it  be  for  Sodom  at  the 
judgment-day  than  for  thee."  Again,  Mark  xi.  12,  coming  out  of 
Bethany  the  next  day,  Jesus  was  greedy  (gredags)  V.c,  hungry. 
Selsy  our  silly,  always  retains  its  good  sense,  as  in  Ger.  selig, 
happy,  blessed.  In  the  parable  of  the  talents.  Matt.  xxv.  26,  ^^Thou 
wicked  and  slothful  servant  is  ^'Un-selja  skalk  jah  lata,''  lit. 
unsilly,  skulk,  yea,  late,  four  words  equally  good  Go.  and  good  Eng., 
but  in  a  strangely  altered  sense.  Lais  =  late  is  always  used  in  the 
sense  of  lazy.  Modags  =  moody  is  always  angry,  thus,  "  Whosoever 
is  moody  (modags)  with  his  brother  without  a  causa"  Verbs  show 
similar  changes  of  sense.  SlahaUy  which  has  now  the  special 
sense  of  slaying,  in  Go.  means  simply  striking.  Thus,  at  the 
Crucifixion  the  bystanders  say,  "Prophesy  who  is  slaying  [striking] 
thee,"  "  Hwa  ist  sa  slahands  thuk."     This  sense  is  old  Scotch. 

"Dintis, 
That  slew  fyr  as  men  slay  is  on  tiintis." — Barber. 
Vol.  XVIII.  f 
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In  the  cricket-field  a  hard  hitter  is  a  slogger,  retaining  the  old 
guttural.  To  whet  is  now  obsolete,almost,  but  Ulfilas  regularly  uses 
it  in  the  sense  of  threaten,  rebuke.  Thus  Our  Lord  whets  the  evil 
spirits.  Wopjan  =  weep,  has  now  quite  a  restricted  sense,  but  in 
Go.  it  is  iised  for  calling  aloud  under  all  circumstances,  of  cock- 
crowing,  and  of  the  voice  of  the  Baptist.  The  usual  word  for 
crying  in  our  sense  is  gretan  =  greet.  Thus  Peter  went  out  and 
grat  bitterly  (gaigrot  baitraba).  Again,  in  Ulfilas  the  thieves  twit- 
ted (id-weit-jan)i  i.e.,  reproached,  Jesus  on  the  cross,  from  a  verb 
the  same  as  Sc.  wite  =  blame.  Ween^  now  only  in  over-weening,  is 
quite  common  in  its  old  sense  of  expect,  fancy.  "  Art  thou  he 
that  should  come  or  ween  [toen/an]  we  another?"  asked  John's 
disciples.  Be-vyray,  now  obsolete,  is  toroh-jan,  to  accuse,  e.g., 
"  Wrohiths  was  fram  thaim  gudjam "  =  was  accused  of  the 
priests. 

This  process  of  change  goes  a  step  farther,  and  introduces  us  to 
common  Go.  words  of  which  scarcely  a  trace  now  survives.  Go. 
ogan,  to  be  in  extreme  fear,  has  been  frittered  down  to  the  senseless 
expletive  awful,  yet  at  one  time  it  meant  death  by  throttling 
(root,  agh,  to  choke,  Lat.  anguis  =  the  throttler).  Its  derivatives 
are  ogre,  eager,  ugly,  awe.  Theihan,  to  thrive,  prosper,  gives 
the  commonest  asseveration  in  O.-Eng.  "  So  mot  I  the"  =  so  may 
I  prosper.  The  thigh,  Sc,  the,  is  the  plump,  well-thriven.  Laikan, 
to  dance  and  play,  laiks^  sport,  is  the  vulgar  larks,  larking.  The 
brother  of  the  Prodigal,  coming  near  the  house,  hears  singing  and 
larking  (laikins).  Bicgan,  to  avail,  is  Ger.  taugen,  common  in 
O.-Sc.  as  dow  (*'  The  dowie  dens  of  Yarrow  "),  and  still  a  surname 
Duguid  =  Ger.  tiichtig  =  doughty.  The  root  lives  in  a  mutilated 
form  in,  How  d'  you  do?  Doughty  is  also  the  familiar  Sa  term 
dawtie.  Aii-an,  to  breathe,  a  very  old  verb,  is  lost  in  Eng.  Uz-an 
is  said  of  Our  Lord  giving  up  the  ghost  on  the  Cross.  Scotch 
long  preserved  the  word — 

"  And  thai  war  ayndles  and  wery 

And  thar  abaid  thair  aynd  to  tan.'* — Barber. 

A7ist  =  grsLce,  favour,  Ger.  Gunst  for  ga-anst  is  a  pretty  metaphor 
in  Gothic.     It  is  the  name  Anstey  =  Gracie. 

German  is  in  a  much  moi*e  archaic  and  homogeneous  condition 
than  modem  English,  and,  therefore,  one  is  quite  prepared  for 
many  points  of  connection  between  it  and  Gothic.  But  they 
belong  to  diflerent  branches  of  the  Teutonic  family ;  in  fact, 
whiJe  it  has  the  richest  literature  on  philology,  it  is  as  a  language 
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the  least  suitable  type  of  a  Teutonic  tongue  to  study.  Gothic,  a 
Low-German  speech,  is  more  akin  to  Dutch  and  Scotch.  Here 
one  finds  the  most  astonishing  identities,  not  alone  in  form  and 
sense,  but  in  pronunciation  and  minute  turns  of  expression. 
The  Goth  said  hwan,  than,  nu,  ut,  na,  ain,  haim,  braid,  gagg,  for 
when,  then,  now,  out,  no,  one,  home,  broad,  go.  For  "Suffer 
little  children  to  come  to  me,''  Ulfilas  says,  but  slightly  changed, 
"Let  thay  bairns  gang  to  me."  A  hypocrite  is  a  liuta  =  one 
that  loots.  The  Apostles,  sent  out  to  preach,  are  to  take  ain 
rung  (one  staff,  aina  hrugga).  One  is  to  lay  upon  the  altar  as  a 
gift  a  hunsl  =  hansel,  Shakespere's  "unhouseled"  in  Hamlet. 
The  disciples  take  of  the  fragments  twelve  baskets  full  of  brock 
(ga-brucko).  The  leaven  of  the  Pharisees,  Gr.  fiVv>  ^^*-  fermen- 
tum,  is  called  heist,  from  beitan,  to  bite,  in  Scotland  known  as  the 
first  milk  of  the  cow  after  calving.  "  Blessed  are  the  merciful," 
or  hleiths  =  ih<Q  blate  =  coy,  modest.  St.  Luke  tells  Theophilus 
that  he  has  followed  the  Gospel  story  glegly  (glaggivtis),  or 
accurately  (oKpi/Sm),  from  the  beginning.  The  gospel  mystery 
again  was  concealed  from  the  wise  and  prudent  and  revealed  to 
babes.  For  babes  here  we  have  niu-klahs  =  new-born.  Can  this 
be  the  klekkin  and  klekkit,  familiar  to  every  Sc.  laddie  that  has 
kept  rabbits  ]  The  homeliness  of  the  expression  is  almost  shock- 
ing, but  in  language,  as  in  life,  there  are  plenty  of  poor  relations. 
The  hireling  shepherd  in  the  parable  is  betrayed  by  his  "  stibna 
frainaihs^^  his  fremmit  or  strange  voice.  The  Gadarene  demoniac 
is  wods  =  mad,  Sc.  wud,  on  which  Shakespere  puns  in  Midsummer 
Night's  Dream, — "  Wood  within  the  wood,"  scarcely  intelligible  to 
southron  readers.  Another  Shakespearian  phrase — "The  wild 
waves  whisht " — in  the  Tempest,  is  paralleled  in  Go.  by  the  very 
Sc.  expression  "  Jah  warth  wis  mikil"  =  and  there  was  a  muckle 
wheesh,  following  our  Lord's  rebuke  of  the  wavea.  Other  peculiar 
terms  oddly  survive  in  Sc.  Thus,  James  and  John  were  partners 
— ga-iiailans — of  Simon,  a  word  used  with  precisely  the  same 
force  among  our  herring  fishers,  who  go  as  dealsmen  and  half- 
dealsmen.  A  common  asseveration  is  "  bi  sunja,"  the  verily  of  our 
version.  Quite  a  loug  story  might  be  told  of  this  word  and  its 
cognates ;  enough  to  say  it  lives  in  "  My  san  !"  a  variant  of  "  my 
certe!"  and  may  be  the  vulgar  Eng.  "  Upon  my  Sam!" 

Turning  now  to  verbs  we  find  similar  evidence  of  identity. 
The  Goth  said  bide  (beidan)  for  staying  in  a  place.  Jesus  asks  of 
the  unbelieving  generation.  How  long  must  I  thole  (thulan^  ^<^'^\ 
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Bartimaeus,  now  no  longer  blind,  throwing  off  (af-wairpanda)  his 
robe  and  loupin  up  (uahlaupands)^  cam  at  (to)  Jesus.  The  elect 
are  the  waled  (waljan)  or  chosen.  The  crown  of  thorns — wipja 
us  thaumum — is  a  wuppin  o*  thorns,  from  wijyjan^  to  twist  or  plait, 
the  Sc.  wup,  beautifully  used  in  the  ballad  of  Sir  Patrick  Spens: — 

'*  Gae  fetch  a  wab  o'  the  silken  claith, 
Anither  o'  the  twine  ; 
And  wap  them  in  til  oor  gade  ship's  side, 
And  let  na  the  sea  come  in." 

The  regular  verb  in  Go.  for  the  act  of  perception  is  gaumjan^  the 
expressive  Sc.  gumpshin.  For  a  strictly  mental  act  Ulfilas  uses 
hugjany  to  think,  which,  with  the  particle  of  reversal, ybr,  Ger.  wr,  is 
Sc.  for-hoo,  to  forsake,  as  in  "Johnny  Gibb,"  "  I  wadna  say  nor  the 
laird  wud  hae  to  forhoo's  bit  bonny  nest"  To  strike  or  cuff  with  the 
open  hand  is  kaupat-jan^  Sc.  gowpen.  Finally,  giutan,  to  pour  out 
water,  is  quite  a  Sc.  favourite,  and  developed  curious  meanings  such 
as  gyte  =  silly  (cf .  Lat  ef-futio  from  the  same  root).  In  "  Johnny 
Gibb"  is  **IiOshtie,  man,  ye're  seerly  gyaun  gyte;"  and  again  from 
an  old  poem  : — 

**  Wark,  ye  ken  yersels,  brings  drouth, 
Wha  can  thole  a  gaisen  mouth  ?  " 

When  we  turn  from  the  vocables  of  a  language,  as  evidence  of 
its  character  and  pedigree,  to  its  grammar  we  are  on  firmer  ground. 
For  in  the  one  case  the  materials  are  in  a  perpetual  flux,  each 
district,  generation,  social  set,  individual  even,  giving  a  new 
meaning  to  the  old  stock  or  borrowing  from  without^  whereas  in 
the  other  we  have  the  permanent  bed  of  the  stream,  deeply  grooved 
with  the  flow  of  ages.  In  language,  as  in  the  features  of  Nature, 
age  conceals  itself  under  the  guise  of  familiarity.  Who  thinks,  as 
he  follows  the  course  of  some  wimpling  bum,  that  he  is  gazing  on 
what  is  older  than  the  oldest  historical  monument  in  existence, 
or  dreams  that  the  variations  of  case  and  number  in  his  own  speech 
were  evolved  in  an  age  long  anterior  to  the  Vaidic  hymns.  For 
these  are  the  grammatical  formulae  of  his  race,  perennial  as  the  very 
laws  of  thought.  Historical  grammar  is  in  the  study  of  language 
what  morphology  is  in  the  natural  sciences  treated  biologically.  In 
both  directions  we  see  persistency  of  type,  co-existent  with  endless 
modifications  in  obedience  to  the  dcuiands  of  functional  growth  and 
decay.     Thus,  what  seem  to  be  arbitrary  formulae,  mere  atrophied 
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structure,  become  in  the  light  of  historical  grammar  natural  and 
significant  Many  of  the  so-called  anomalies  of  English  grammar 
can  thus  be  invested  with  meaning  and  interest.  The  historical 
grammarian  has  not  evidence  enough  to  give  us  the  ultimate  analysis 
of  those  conventional  formative  elements — number,  person,  and  case ; 
but  he  can  tell  us  why  one  says  niethviksj  but  a  child  may  not  say 
me  likes  nurse  ;  why  an  Englishman's  like  I  do  is  wrong,  but  his 
give  'em  (not  for  thein)  it  right ;  why  drovmded  and  once-t  are  as 
correct  as  sounded  and  whilst;  and  why  a  Scotchman  uses  hit  for 
ity  and  speaks  of  a  catHe  beast  and  a  widow  woman.  The  answer  to 
these  and  many  more  such  questions  is  found  better  in  Gothic 
than  anywhere  else,  for  this  reason  that  it  places  us  so  near  to  the 
primitive  type  of  Teutonic  speech,  undisturbed  by  subsequent  func- 
tional derangement.  Hence  it  is  indispensable  to  the  scientific 
study  of  English  grammar. 

It  would  be  impossible,  within  reasonable  limits,  to  give  anything 
like  a  full  account  of  Gothic  grammar.  Merely  a  few  points  can 
be  selected,  and  these  such  as  prove  the  essential  identity  of  the 
language  with  our  own,  and  at  the  same  time  elucidate  modem 
idiom  and  expression.  Gothic  is,  like  German,  highly  inflected. 
Ulfilas  cannot  equal  the  richness  of  the  Greek  verb,  but  he  is  able 
to  convey  to  his  countrymen  with  sufficient  accuracy  the  spirit  of 
so  subtle  and  flexible  a  language.  The  basis  of  conjugation  is  the 
familiar  distinction  between  strong  and  weak  verbs,  or  what  might 
rather  be  called  primary  and  derivative.  Gothic  properly  makes 
this  turn  on  what  is  the  cardinal  function  of  the  verb,  the  expres- 
sion of  preterite  or  past  time.  The  primitive  and  very  natural 
mode  of  doing  so  is  by  reduplication  of  the  root,  and  this  is  well 
preserved  here  as  in  Greek.  Traces  of  the  process  exist  in  Latin, 
either  obvious,  as  cado,  ce-cidi,  or  disguised,  as  fac-io,  fec-i  for  fe  fac-i. 
Our  did.  Go.  dirda,  is  the  sole  English  survival  of  this  process,  but 
we  have  several  specimens  of  the  feci-type,  as  hold,  held  (Go.  hald, 
hai-hald),  take,  took  (tdk,  tai-tok),  Sc.  greet,  grat  (gr^t,  gai-grot). 
This  process  must  have  become  at  an  early  period  merely  conven- 
tional, as  the  rule  in  Gothic  is  not  to  repeat  the  root- vowel  but  the 
initial  consonant  and  a  uniform  light  vowel,  ai=:e,  in  met.  Even 
at  this  early  stage  the  further  step  had  been  taken,  and  many 
verbs  originally  reduplicating  are  treated  as  now;  e,g.,  Go.  bind, 
band  =  bind,  bound ;  sit,  sat.  This  is  the  result  of  a  shifting  of 
the  accent  due  to  the  addition  of  personal  endings,  similar  to 
what  we  see  in  photograph,  phot6graphy,  c4put,  cai^itxa,    "SsaRfe 
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have  arisen  the  monosyllabic  preterites  that  we  find  in  Go.,  Grer., 
and  Eng.  These  processes  exhausted  themselves  ages  ago.  Not 
a  single  strong  verb  has  been  developed  within  the  historical 
period.  The  younger  weak  and  derivative  inflection  supplies 
our  increasing  wants,  and,  like  Jacob,  appropriates  the  heritage 
of  its  elder  brother.  We  say  helped,  dragged,  slipped,  for 
example,  for  the  Go.  halp,  drdg,  slaup.  A  Scotchman  even  says 
begoud  for  began,  and,  still  worse,  seen  for  saw.  It  was  a  Glasgow 
merchant,  they  say,  who,  visiting  the  Louvre,  remarked  in  answer 
to  his  French  conductor's  "  This  is  a  portrait  of  Burke,  your 
great  countryman,"  "  Ou,  ay  mon  ;  I  seen  him  hanged." 

But  the  best  proof  of  the  value  of  Gothic  as  an  aid  to  histori- 
cal grammar  is  to  be  found  in  the  analysis  it  renders  possible  of 
our  weak  preterites  in  -d  and  -ed.  There  we  see  that  they  are  really 
compounds,  like  will  go,  am  walking,  kc.  The  auxiliary  do  has 
coalesced  with  the  stem,  so  that  I  love  is  just  I  love-did.  The 
Go.  tam-jan^  to  tame,  has  for  its  past — 

S.  P. 

tam-i-da  tain-i-ded-um. 

dcs  (for  dedt)  ,,     deduth. 

da  „     ded-un. 


Strange  to  say,  the  very  common  Teut.  verb  to  do  is  not  found  as 
a  separate  verb  in  Gothic.  It  must  have  reduplicated  and  formed 
its  pret.  as  S.  di-da,  di-des,  di-da  ;  PI.  di-ded-um,  and  so  on.  The 
fii*st  syllable  disappears  when  used  as  a  compound  tense.  It  thus 
appears  that,  even  where  apparently  we  see  tense  indicated  in  Eng. 
by  modification  of  the  stem,  we  really  use  an  auxiliary.  Gothic 
uses  this  composite  tense  as  freely  as  we  do  now.  At  the  grave 
of  Lazarus  Jesus  wept  (ISdKpva-iv)^  which  Ulfilas  renders,  "  Jah 
tagrida  Jesus,"  as  if  we  were  to  say,  and  Jesus  teared.  In  Matt 
xxvii.  1,  "That  they  might  kill  him,"  is  "Ei  af-dauthi-dedeina," 
reminding  one  of  what  the  child  said  of  the  murdered  fly,  "Me 
deaded  it." 

This  preterite  tense  is  the  only  tirne  inflection  in  Gothic.  In 
common  with  all  the  Teut.  languages  it  had  no  future.  Ulfilas 
renders  the  Greek  future  variously,  most  frequently  by  using  the 
subjunctive.  In  Latin,  as  every  boy  knows,  the  Fut.  Ind.  and  Pres. 
Subj.  of  some  conjugations  are  perplexingly  like  each  other. 
Ulfilas  also  uses  the  Indie,  and  Part.  Present,  as  I  coming  heal  him 
s^Ik  guimando  gahailja  iua,  for  I  coming  will  heal  him;   ''Thai 
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guth  gasaihwand/  i.e.,  they  seeing  God,  for  they  will  see.  Circumlo- 
cutions he  employs,  just  as  we  may  now  say,  I  am  going  to,  about 
to,  intend  to,  have  to.  Our  auxiliaries  shall  and  will  are  always 
independent  verbs  in  Gothic,  with  the  decided  meaning  of  duty 
and  wish.  Such  is  the  tense  condition  of  the  Teutonic  verb; 
the  other  forms  which  grammarians  parade  in  Eng.  are  simply 
imitations  of  Latin.  All  this  goes  to  show  that  in  primitive  times 
little  advance  had  been  made  in  developing  this,  one  of  the 
subtlest  and  most  abstract  of  conceptions.  Even  yet  the  com- 
monest errors  in  translation,  as  every  teacher  knows,  are  due  to 
confusion  of  tenses. 

Many  more  striking  illustrations  of  the  value  of  Gothic  to  the 
student  of  grammar  might  be  adduced.  Suffice  it  to  refer  to  one 
more  verbal  form,  the  passive.  Here  Gothic  throws  a  unique 
light  on  the  primitive  condition  of  the  Teutonic  tongues.  These 
all,  like  Eng.,  never  had  a  conjugational  or  simple  i>assive.  We 
are  so  familiar  with  it  in  Greek  and  Latin  that  we  can  scarcely 
realise  our  poverty  here.  In  point  of  fact,  young  learners  have  the 
greatest  difficulty  in  grasping  the  conception  of  a  passive.  They 
fail  to  see  the  difference  between  /  am  stncck  and  /  am  sick. 
For  in  every  case  the  participle,  in  a  compound  tense,  which  we 
call  the  main  verb,  is  nothing  more  than  an  adjective  in  predicative 
relation  to  the  subject.  English,  and  still  more  French  and 
German,  avoid  the  passive  by  the  use  of  indefinite  and  reflexive 
pronouns.  Thus,  the  book  has  been  /ou7id,  is  in  German  the  book 
has  found  itself.  Colloquially  we  regularly  avoid  the  passive  by 
using  the  indefinite  tliey  as  a  subject.  Other  modern  languages 
adopt  to  an  excessive  extent  reflexive  forms.  Thus,  Italian  has 
for  it  is  saidy  it  says  itself.  Even  Gothic  preserves  merely  a 
trace  of  a  passive  inflexion  by  simple  derivation  from  the  stem 
as  bairadoy  bairanda  (from  bairan,  to  bear)  =  <^€p6Tat,  <f>kpovrai. 
But  the  favourite  mode  is  our  modern  one  of  circumlocution, 
with  participles  and  auxiliaries,  or  by  a  peculiar  formation  from 
a  passive  participle  in — na,  our —  en  in  brok-en.  Thus,  from 
mikils,  Sc.  muckle,  mikilnan  to  be  enlarged,  from  hauhs  =  \n^ 
hauhnan,  to  be  exalted.  Slight  traces  of  this  still  survive  in 
learn  and  own.  The  former  is  from  an  original  lais-nan^  to  be 
lered  or  taught  German  shows  this  distinction  of  act.  and  pass, 
senses  well  in  lehr-en  (active,  to  teach),  where  h  is  not  radical, 
and  lem-eny  to  be  taught,  to  learn.  Ow/i,  again,  is  an  original 
agnan  (A.-S.  ag-nian)  to  be  possessed,  from  aigan  to  W«^^  ^^vi. 
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These  forms  are,  however,  not  true  passives,  being  simply  the 
participle  with  the  adjectival  ending  —  na  or  en,  treated  as  a 
verb,  very  much  as  we  still  do,  e,g.y  "  Fallen,  thy  throne,  O 
Israel!"  or  =  Fallen's  thy  throne,  O  Israel!  In  all  these  cases 
the  participle  is  merely  an  adjective  used  predicatively.  /  am 
loved  is  not  a  form  like  amoTy  but  really  /  am  (one)  loved. 

The  ultimate  elements  in  grammar  are  two-fold,  verbal  and 
pronominal  In  a  now-forgotten  book,  the  "Diversions  of  Purley," 
Home  Tooke  showed  a  century  ago  that  nouns,  which  bulk  so 
largely  in  grammar,  are  merely  epithets  formed  from  verbal  roots. 
It  is  said  that  our  jnarif  the  thinker,  is  the  only  case  of  a  Teut. 
root  used  directly  as  a  noun.  The  pronominal  elements  are  the 
abbreviations  of  speech,  in  themselves  non-significant.  Their 
inflexion,  as  pronouns,  is  peculiar.  We  have  lost  many  of  the 
Gothic  forms,  but  keep  a  few,  e,g,,  the  old  dative  in  -m,  as  him, 
them,  whom  (found  also  in  seldom,  whilom),  and  the  neuter  of 
demonstratives  in  -t,  as  it,  that,  what  The  masc.  accus.  sing, 
in  -na  one  hears  in  Sc.  thone^  not  a  mistake  for  yon.  Thus 
Peter,  in  his  denial,  said,  "Nikanna  thana  mannan "  =  I  kenna 
thone  man.  The  full  form  of  I,  Go.  ik,  has  quite  gone.  In 
King  Lear,  the  disguised  Edgar,  using  the  Somersetshire  dialect, 
says,  "Keep  out,  che  vor*  ye,"  Go.  ik  warja  thuk  =  I  warn  you. 
When  the  two  disciples  are  told  to  find  the  colt  in  the  village  over 
against,  Ulfilas  uses  the  dual  of  the  pronoun,  for  Go.  had  a  dual 
here  as  well  as  in  the  verb.  A  more  serious  loss  is  that  of  the 
reflexive,  which  German  preserves. 

Turning,  lastly,  to  demonstratives  and  relatives,  we  find  still 
further  interest  in  Gothic  grammar.  The  article  is  exactly  what 
we  see  in  Sanskrit  and  Greek.  Its  feminine  survives  in  she,  its 
neuter  as  iliaiy  which  Sc.  treats  as  an  article,  e.g.y  "  Gie  me  that 
poker,"  for  "Give  me  the  poker."  The  nom.  plur.  of  th^U  (which 
is  not  those)  we  use  as  the  old  plur.  of  Ac,  but  in  Sc.  it  is  rightly 
used,  as  Go.  thai  bokos  =  Sc.  thay  books.  The  proper  pliutd  of 
Jie  Chaucer  uses  regularly.  In  Shakespere  its  dative  is  frequent, 
though  his  editora  substitute  for  it  them.  It  is  not  in  Gothic, 
except  in  a  few  adverbial  phrases,  such  as  to-day  (himma  daga). 
The  relative  is  very  imperfectly  developed.  The  correlation  of 
adjectival  clauses  is  effected  mainly  by  the  addition  of  an  indeclin- 
able particle  -ei  to  pronouns  and  demonstratives,  as  ik-ei  =  I  who. 
This  is  just  what  might  be  expected,  for  the  use  of  the  relative 
implies  a  distinct  advance  in  composition  and  the  inter-dependence 
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of  clauses.  Its  growth  is  always  slow,  and  the  usage  of  cognate 
tongues  is  far  from  uniform.  The  reader  of  Dickens  knows  that 
when  the  uneducated  attempt  to  go  beyond  the  rudimentary  stage 
in  composition  of  ands  and  buts  and  wells,  and  aspire  to  relatives, 
they  throw  about  their  which's  very  freely.  The  primitive  rela- 
tive is  usually  a  pronominal  particle  (Go.  -ei  above  is  the  Sanskrit 
ya),  or  the  article,  the  indeclinable  the  (our  article)  of  A. -Sax.  and 
the  abbreviated  that  or  *at  of  Scotch,  due,  in  the  opinion  of  Dr. 
Murray,  not  to  Norse  but  Celtic  influence.     Barber  writes : — 

"  James  of  I>ouglas  his  menye  than, 
Seait  Weill  hastily  in  hand 
At  (for  whom)  thai  about  the  castell  fand." 

This  relative  one  constantly  hears  in  Scotch.  In  such  imitation 
Scotch  as  Bums  often  wrote  we  have  wha  instead.  Thus,  "  Scots 
wha  hae  "  would  be  in  Barber  "  Scottis  at  hes,"  as  Dr.  Murray 
well  show&  Our  forms — who,  which,  that — have  an  interesting 
history.  That  is  simply  the  demonstrative,  and  has  its  own  ap- 
propriate use;  but  who,  whose,  whom,  what,  which,  are  really 
interrogatives.  They  are  so  in  Sanskrit,  where  who  is  A:a,  as  in 
Gaelic  still.  Sans,  and  Gr.  clearly  differentiate  relative  and 
interrogative,  not  so  Lat.  Who  as  a  relative  in  Eng.  was  not 
recognized  by  Ben  Jonson,  the  author  of  our  earliest  English 
Grammar,  who  says  " one  relative  which"  Dr.  Fumivall  says  it 
was  first  used  once  in  Wyclif's  Bible,  and  very  sparingly  till 
Shakespere.  In  Gothic  the  interrogative  is  htotn-Sj  Sc,  whaw;  its 
instrumental  hwe  we  have  in  why.  Which  is  a  descriptive  form 
of  adjectival  relationship  quite  distinct  from  who — Lat.  qualis, 
Fr.  lequel,  Ger.  der  welcher,  and  Shakespere's  the  which,  all  show 
this  peculiarity.  €k>thic  proves  it  to  be  a  compound,  where  it  is 
kwi-leiks.  The  first  member  is  t(7Aa=wha;  leiks  is  the  word  for 
body,  as  in  lich-field,  lich-gate.  This  is  our  like,  both  separately 
and  in  composition,  as  in  life-like  =  lively.  For  it  has  become  our 
general  adverbial  suffix,  -ly,  e.^.,  like-ly  =  like-like.  Sanskrit  affords 
a  curious  parallel ;  Lat.  corpus^  a  body,  is  the  Sans,  kalpa,  which 
also  forms  adverbs  in  the  sense  of  like,  but  not  quite,  e.g.,  pandita- 
kalpa  =  a  quasi-pundit.  Scotch  people  similarly  use  like  in  making 
explanations,  e.^.,  He  gie'd  it  to  me  like ;  I  gaed  wi'  him  a  mile 

like. 

The  following  table  exhibits  the  pronominal  compounds  of  like, 
to  which  Sc.  adds  thi-lk  =  that-like : — 
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Oothic.  Scotch,  Otmian.  Ehigluh, 

Hwi-leik  hwi-lk  we-lch(er)  whi-ch. 

Swa-leik  8wi-lk  =  8ic  so-lch(er)  su-ch. 

Ana-leiks  i-lk  and  ilk-a  a(li)n-lich  ea-ch,  on-ly. 

The  foregoing  imperfect  sketch  of  this  fieu^inating  subject  is  an 
attempt  to  tell  the  strange  story  of  the  Gothic  MS.  and  its  en- 
lightened author,  of  the  people  aaiong  whom  he  laboured,  and  of 
the  sad  fate  that  has  buried  them  in  oblivion.  On  the  fragmentary 
evidence  of  the  Gospels,  excluding  altogether  the  Epistles,  I  have 
endeavoured  to  illustrate  the  intellectual  condition  of  the  Goths 
in  the  fourth  century,  and  to  prove  that  whatever  there  is  in  the 
language  of  to-day  that  we  regard  as  most  homely  and  famOiar, 
the  indispensable  materials  of  everyday  intercourse,  and  the  very 
formulae  under  which  our  thought  must  find  expression,  all  lived 
in  the  mouths  of  our  remote  Gothic  ancestors  in  their  rude  tuns 
and  burgs  by  the  banks  of  the  Danube,  while  this  land  of  ours  was 
still  a  Eoman  colony.  Do  such  records  not  awaken  a  deeper 
interest  than  a  blurred  footprint  in  the  Bed  Sandstone,  or  even 
an  inscribed  brick  from  a  Chaldaean  mound  ]  Jacob  Grimm,  the 
father  of  comparative  philology,  found  in  Gothic  the  clue  to  many 
of  his  researches,  and  based  upon  his  study  of  it  those  principles 
which  have  illuminated  the  whole  field  of  linguistics.  During  the 
half -century  that  has  intervened — this  is  the  Jubilee  year  of  the 
completion  of  his  great  Grammar — philologists  have  never  lost 
sight  of  the  value  of  Gothic.  The  Ulfilic  remains  have  appeared 
in  various  forms,  but  the  field  has  been  almost  entirely  left  to 
German  scholars,  and  this  in  spite  of  the  fact  that  their  language 
is,  for  many  reasons,  the  furthest  removed  from  the  true  type  of  a 
Teutonic  speech.  The  English  Universities  are  strong  in  classical 
philology,  but  in  every  other  department  the  German  easily 
holds  the  field.  The  best  Celtic  dictionary  and  grammar,  the 
most  complete  collection  of  Anglo-Saxon  litei*ature,  the  only  con- 
cordance to  Shakespere  worthy  of  the  name,  the  most  complete 
English  grammar, — these,  among  many  other  works,  have  been 
left  to  the  foreigner.  Bosworth  gave  us  a  text  of  the  Gothic 
Gospels,  Professor  Skeat  has  done  much  to  popularise  the  study, 
and  quite  recently  Mr.  Douse  has  published  a  very  elaborate  and 
very  scientific  treatise  of  about  300  pages,  which  he  facetiously  calls 
an  Introduction  to  Grothic,  though  it  is  unintelligible  to  any  one  who 
has  not  >vorked  long  and  well  at  the  subject.     But  the  surprising 
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feature  id  that,  whereas  German  scholars,  men  of  much  the 
same  class  as  our  secondary  schoolmasters,  have  so  successfully 
prosecuted  such  studies,  and  Englishmen  only  in  a  fragmentary 
fashion  and  generally  under  the  mantle  of  the  universities,  Scotch- 
men have  contributed  nothing  to  the  subject,  yet  they  possess  an 
unbroken  stream  of  literature  from  Bannockburn  to  the  days  of 
Bums  and  Scott,  and,  what  is  of  more  importance,  they  have,  not 
from  books  or  the  mistaken  theories  of  teachers,  but  as  a  living 
product,  native  to  the  soil  that  bore  them,  a  rich  system  of  pho- 
netics, a  homely  pithy  vocabulary,  and  a  genuine  Teutonic  idiom, 
vastly  more  archaic  than  the  academic  and  conventional  printed 
speech  of  the  English  scholar.  To  the  Scot,  therefore,  the 
language  and  idiom  of  our  old  writera  and  of  Ulfilas  have  a 
freshness,  a  directness,  and  a  meaning  which  are  scarcely  possible 
to  any  but  an  exceptionally  favoured  Southron.  In  proof  of  this 
contrast  take  two  such  works  as  Barnes'  Poems  in  the  Dorset 
dialect  and  the  Banffshire  tale  of  **  Johnny  Gibb."  Whereas  the  one 
must  be  almost  a  foreign  tongue  to  the  average  Englishman,  no 
intelligent  Scot,  especially  if  born  and  reared  in  a  country  dis- 
trict, need  miss  in  the  other  one  point  of  its  inimitable  humour, 
its  pithy,  pawky  turns  of  idiom  and  expression,  and  the  real 
genius  that  created  its  character  and  incident.  But,  alas !  in  spite 
of  such  advantages  of  Scottish  scholarship.  Dr.  Johnson  might 
still  say  of  it  that  everyone  here  gets  a  mouthful  but  no  one  may  make 
a  meal  of  learning.  Such  works  as  * 'Johnny  Gibb  '*  and  the  invaluable 
inquiry  of  Dr.  Murray  into  the  dialects  of  the  South  of  Scotland 
are  something  to  be  proud  of.  They  have  done  infinitely  more 
for  the  study  of  our  fast-decaying  vernacular  than  all  our  schools 
and  colleges,  our  St.  Andrew's  and  Bums'  clubs  put  together. 
To  the  philologist  a  vernacular  is  vastly  more  instructive  than 
any  mere  book-speech,  for  it  is  in  the  field  of  dialectic  growth  and 
decay  that  the  real  problems  of  language  are  to  be  studied.  In 
such  fields  there  is  almost  everything  to  be  done  for  our  own 
vernacular.  Who  will  do  for  the  north-eastern  counties,  for  Fife 
and  the  Lothians,  for  Lanark  and  Ayr,  what  Dr.  Murray  has  so 
well  done  for  the  Scotch  of  the  Border  Counties  ?  Is  Jamieson, 
even  in  his  latest  form,  a  scientific  record  of  our  vocables  ]  Is 
Irving's  history  of  the  literature  worthy  of  the  subject?  The 
late  lamented  Dr.  Boss,  of  the  Edinburgh  High  School,  worthily 
followed  in  Irving's  track,  biit  the  field  is  not  yet  nearly  sur- 
veyed.    Or,  to  come  to  less  ambitious  ground,  is  there  not  vooui 
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for  some  scholarly  account  of  Gaelic,  Norse,  and  French  influence 
on  Scotch  ]  Who  will  treat  philologically  the  relics  of  the  oldest 
vernacular  in  burgh  and  parliamentary  records,  the  diction  of  our 
folk-lore  and  ballad  minstrelsy,  and  even  of  Burns  and  Scott,  or 
popularise  our  national  epic,  Barber's  Brusi  Whoever  should 
attempt  to  cultivate  any  one  of  these  spheres  of  linguistic  research 
will  render  his  labours  more  valuable  by  a  previous  acquaintance 
with  the  Gtothic  of  Ulfilas. 
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XVIII. — Approximate  Formulce  for  the  Motion  of  Projectiles, 

By  Peter  Alexander,  M.A. 


[Read  before  the  Mathematical  and  Physical  Section  of  the  Society,  30th 

November,  1886.] 


About  a  year  ago  my  attention  was  directed  to  this  subject,  and 
I  found  that  the  formulae  and  tables  in  use  are  all  based  on  the 
supposition  that  the  resistance  of  the  air  to  the  motion  of  a 
projectile  through  it  b  proportional  to  the  citbe  of  the  projectile's 
velocity.  Now,  as  I  understand  that  scientific  men  are  in  general 
agreed  that  the  resistances  of  fluids  to  the  motion  through  them  of 
bodies  with  great  velocities  are  proportional  to  the  squares  of  their 
velocities,  I  was  led  to  examine  the  subject  carefully.  In  a  text- 
book of  gunnery,  by  Captain  G.  Mackinlay,  R.A.,  I  found  a  table 
(11.)  of  the  value  of  JT,  the  coefficient  of  resistance,  for  the  cubic 
law,  to  ogival-headed  projectiles  (IJ  diameter  heads),  extracted 
from  "  Bashforth's  Motion  of  Projectiles,"  which  shows  that  K  is 
not  a  constant,  but  varies  considerably  and  in  a  very  peculiar  way 
with  the  velocity,  which  is  indicated  by  the  annexed  diagmm 
(Fig.    1),  which  is  a  rough  copy  of  one  given  at  page  78   of 
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Captain  Mackinlay's  text-book,  in  which  the  horizontal  co-ordinates 
represent  velocities,  and  the  vertical  co-ordinates  represent  the 
values  of  K  corresponding  to  these  velocities. 

I  concluded  from  this  that  the  cubic  law  was  not  even  approxi- 
mately correct.  I  therefore  transformed  Bashforth's  table  from 
the  cubic  law  to  the  law  of  squares.  The  values  of  k  in  the 
transformed  table  are  roughly  indicated  by  the  annexed  diagram 
(Fig.  2),  which  shows  that  k  is  practically  constant  for  velocities 
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below  800  feet  per  second,  and  that  is  it  also  practically  constant  for 
velocities  above  1,400  feet  per  second — the  second  constant  bearing 
to  the  first  the  ratio  of  7  to  3.  As  the  velocity  increases  from  800 
feet  per  second  to  1,400  feet  per  second  the  value  of  k  increases 
by  about  11  per  cent,  of  the  original  value  per  100  f.  s.  of  increase 
of  velocity  between  800  f.  s.  and  1,000  f.  s.  From  this  velocity 
to  1,100  f.  8.  k  increases  by  71  per  cent,  of  its  original  value. 
Between  1,100  f.  s.  and  1,200  f.  s.  the  increase  of  A:  is  about  23 
per  cent,  of  its  orignal  value.  Between  1,200  f.  s.  and  1,300  f.  s. 
the  increase  of  ^•  is  16  per  cent  of  original  value;  and  from 
1,300  f.  s.  to  1,400  f.  s.  the  increase  of  A;  is  9  per  cent,  of  original 
value.  For  velocities  above  1,500  f.  s.  the  value  of  k  varies 
slightly,  sometime  decreasing  and  sometimes  increasing,  as  is 
indicated  in  a  rough  and  exaggerated  way  by  the  dotted  line  in 
the  diagram.  Those  latter  variations  must,  I  think,  arise  from 
slight  imperfections  in  the  original  observations.  The  reason  why 
k  increases  from  800  f.  s.  to  1,400  f  .s.  appears  to  be  because  the 
bullet,  besides  overcoming  the  ordinary  resistance,  produces  waves 
of  compression  in  the  air,  which  travel  outwards  laterally  from 
the  bullet  This  being  known,  a  rough  estimate  of  a  mean  value  of 
k  for  the  solution  of  any  given  problem   may  be  easily  made. 
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Again,  the  formulfe  connecting  time  and  velocity  and  space  and 
velocity  (for  the  cubic  law)  namely : — 


1        1 

-J,  -  —.  =  2  kt 

'if  V.' 


(1) 


and =      ks 


V 


V. 


(2) 


are  acknowledged  by  the  text-books  to  be  practically  useless  for 
the  solution  of  problems,  owing  to  the  difficulty  of  selecting  the 
proper  mean  value  of  k;  consequently  all  the  problems  are  solved 
by  the  use  of  tables  laboriously  constructed  for  the  purpose. 

Also,  it  is  acknowledged  that  no  tables  can  be  constructed 
connecting  space  and  time,  and  they  have  therefore  to  be  linked 
together  by  the  relations  of  each  to  velocity.  Now,  while  I 
would  not  be  understood  to  depreciate  the  value  of  the  methods 
involving  the  use  of  these  tables,  I  think  it  is  a  pity  that  some 
rough  methods  of  calculation  should  not  be  taught  which  might 
be  used  in  the  absence  of  these  tables. 

I  have  not  examined  (1)  and  (2)  to  see  if  convenient  approxi- 
mations may  be  derived  from  them,  as  they  are  acknowledged  to 
be,  etjen  in  their  accurate  form,  practically  useless  in  the  solution 
of  problems.  I  therefore  turned  my  attention  to  the  formulae 
founded  on  the  law  of  squares,  and  found  that  good  rough 
approximations  could  be  got  from  them. 

The  accurate  formulae  are — 


v  = 


1  +kv„t 


v=^vje 


-•ks 


and       ks  =  log^  (1  +  kv^t) 


(3) 

(4) 
(6) 


These  formulae  themselves  are  very  practically  useful  if 
logarithmic  tables  are  accessible,  but  in  the  absence  of  such 
tables  the  following  approximations,  derived  from  (3),  (4),  and 
(5),  will  be  found  to  give  roughly  good  results : — 


v  =  Vo  (1  -kvjt) 


kvjv 


(6) 
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and 


8  =  v,t^-^  kvj^ 


(') 


8  = 


_2K-t;) 


^  (8) 

k(v,  +  v) 

If  the  problem  be  to  find  the  range  and  final  velocity  of  a  pro- 
jectile fired  at  a  given  elevation  with  a  given  velocity,  the  vertical 
motion  will  determine  the  time  of  flight,  which,  being  determined, 
(6)  and  (7)  will  determine  the  final  velocity  and  range. 

In  the  case  in  which  the  elevation  is  small,  as  it  usually  is,  the 
vertical  motion  will  differ  little  from  that  in  vacuo.     Hence — 

twice  the  initial  upward  velocity. 


t  = 


9 
_     2  V  sin  a 

9 
Where  V=Vel.  of  projection. 

and     a = Elevation. 


(9) 


If  the  elevation  be  not  very  small — 

V     ^        .     \ 
Uj — y  sin  a  I 


1      (      -1- 
t  =  —p^-=  {  tan 


^kff   \ 


+  log  Jan  I  ^-+  ^tan  |^— V  sin  oj  I 


(10) 


or,  roughly — 


t  = 


2  V  sin  a 


{'-» 


(11) 


I.        1/     (Ysina)' 
where  A'  =  v — 

^9 

As  far  as  I  can  see,  the  most  important  problem  in  practical 
gunnery  is  the  following : — Judging  the  distance  of  an  object  to 
be  *Si,  and  its  elevation  to  be  </>,  at  what  elevation  must  the  bullet 
be  projected  to  strike  the  olyect  1 


il 
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+ 


Rg.  a. 


Mb.  p.  Alexander  on  Farnwlfe/or  Motion  of  Projectiles,  241 


Supposing  a  to  be  small,  we  have  from  (5)  and  (9)- 

-Jlf  =  t  =  il^ 

ks 
.'.     2ku„v^  =  g  {e-\) 

2kY^8ina8in/3        ,^\^ 
Now,  since  o  is  small,  we  have — 


(12) 


=    --</>  nearly  — 


.*.  (12)  becomes- 


a=       y 


2/fcV« 


ka 
(e  -  1)  cos  </>  nearly  - 


(13) 


or  i-oughly — 


iv 


or — 
where — 


(14) 


(15) 


a  =  -4^-  1  1  +  -ks\  cos  (h  nearh 

# 

a  =  a^  cos  (fi  \ 

a^  being  the  elevation  which  will  give  the  mnge  «  on  a  horizontal 
plane,  and  a  the  elevation  to  give  the  same  range  on  a  plane  inclined 
^  to  the  horizon. 

In  conclusion,  I  ought  to  give  the  means  of  determining  /•. 
The  smaller  constant  value  of  k  is  about — 


•00006- 


m 


and  the  greater  constant  value  is- 


•000147-  ", 
w 

Where  </= Diameter  of  bullet  in  inches, 
and  ic= Weight  of  bullet  in  lbs., 

the  bullet  being  ogival-headed,  the  radius  of 
the  curve  being  1^  diameters.     (Fig.  4.) 

For  other  shapes  of  bullets  the  value  of  ^• 
would  have  to  be  found  by  experiment. 
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Fig.  4. 
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XIX. — Uow  to  iise  the  Polariscope  in  the  Practical  Determination 
o/Inter)ial  Stress  and  Strain.     By  Peter  Alexander,  M.A. 


[Read  before  the  Mathematical  and  Physical  Section  of  the  Society, 

3rd  February,  1887.] 


I  DO  not  mean  to  give  a  detailed  scientific  explanation  of  the 
theory  of  light,  but,  with  a  view  to  make  my  remarks  understood 
by  those  who  have  either  not  studied  the  subject  or  have  forgotten 
it,  I  must  make  a  few  remarks  thereon. 

The  following  quotation  from  Spottiswoode's  "  Polarization  of 
Light"  is  very  clear  and  concise: — **  It  is  considered  as  established 
that  light  is  due  to  the  vibrations  of  an  elastic  medium,  which,  in 
the  absence  of  any  better  name,  is  called  ether.  The  ether  is 
understood  to  pervade  all  space  and  all  matter,  although  its 
motions  are  affected  in  different  ways  by  the  molecules  of  the 
various  media  which  it  permeates.  The  vibrations  producing  the 
sensation  of  light  take  place  in  planes  perpendicular  to  the 
direction  of  the  ray.  The  paths  or  orbits  of  the  various  vibrating 
ethereal  molecules  may  be  of  any  fonn  consistent  with  the 
mechanical  constitution  of  the  ether;  but  on  the  suppositions 
usually  made,  and  none  simpler  have  been  suggested,  the  only 
forms  possible  are  the  straight  line,  the  circle,  and  the  ellipse. 
But  in  ordinary  light  the  orbits  at  different  points  of  the  ray  are 
not  all  similarly  situated,  although  there  is  reason  to  believe  that 
in  general  the  orbits  of  a  considerable  number  of  consecutive 
molecules  may  be  similarly  situated ;  yet  in  a  finite  portion  of  the 
ray  there  are  a  sufficient  number  of  variations  of  situation  to 
prevent  any  preponderance  of  average  direction. 

"  This  being  assumed,  the  process  of  polarization  is  undei-stood  to 
be  the  bringing  of  all  the  orbits  throughout  the  entire  ray  into 
similar  positions.  And  in  the  case  of  the  tourmaline  plate,  the 
orbits  are  all  reduced  to  straight  lines,  which  consequently  lie  in 
one  and  the  same  plane.  For  this  reason  the  polsuization  produced 
hjr  tourmaline,  as  well  as  by  most  other  crystals,  is  called  rectilinear, 


^ 
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or,  more  commonly,  plane  polariiation.  This  property  of  tourmaline 
may  also  be  expressed  by  saying  that  it  permits  only  rectilinear 
vibrations,  parallel  to  a  particular  direction,  determined  by  its 
own  internal  structure,  to  traverse  it." 

A  ray  of  light  is  analogous  to  a  series  of  pulses  of  transverse 
vibration,  travelling  along  a  stretched  cord  or  wire.  If  the 
particles  of  the  cord  vibrate  in  straight  lines  all  in  one  plane, 
the  series  of  waves  is  analogous  to  a  ray  of  plane  polarized  light. 
If  the  particles  of  the  cord  vibrate  in  stationary  elliptic  orbits 
similar  to  each  other  and  similarly  situated,  the  set  of  waves  will 
be  analogous  to  a  ray  of  elliptically  polarized  light.  If  the  ellipses 
have  equal  axes  they  are  circles,  and  the  set  of  waves  is  analogous 
to  a  ray  of  circularly  polarized  light.  If  the  particles  vibrate  in 
elliptic  (including  circular  and  rectilinear)  orbits,  the  ellipses  not 
being  stationary,  but  rotating  about  the  line  along  which  the 
waves  are  propagated,  the  set  of  waves  will  be  analogous  to  a  ray 
of  ordinary  light.  This  motion  of  the  ellipses  in  their  own  planes, 
about  a  line  perpendicular  to  their  planes,  is  called  apsidal  motion, 
and,  as  a  consequence  of  the  propagation  of  this  motion  from 
particle  to  particle  of  the  cord  or  medium,  the  ellipses  will  not  be 
similarly  situated,  but  the  whole  series  will  form  a  surface  which 
will  be  the  same  as  that  of  an  elliptic  cylinder  which  has  been 
twisted  uniformly  about  its  axis. 

If  two  lines  be  chosen  perpendicular  to  each  other  and  to  the 
line  of  propagation  of  the  vibrations,  any  set  of  pulses  of  trans- 
verse vibration  is  equivalent  to  two  simultaneous  sets  of  transverse 
rectilinear  vibrations  parallel,  respectively,  to  the  two  chosen  lines, 
that  is  to  say,  to  two  rays  of  plane  polarized  light  travelling 
together  having  their  planes  of  vibration  perpendicular  to  each 
other. 

When  a  ray  of  light  enters  an  seolotropic  transparent  substance 
it  is  usually  resolved  into  two  rays  of  plane  polarized  light  vibrating 
in  planes  perpendicular  to  each  other,  parallel  to  the  directions  of 
greatest  and  least  elasticity  of  the  substance.  The  exceptions  to 
this  are  those  in  which  the  ray  was  plane  polarized,  and  had  its 
plane  of  vibration  parallel  to  the  axis  of  greatest  or  least  elasticity 
of  the  substance  before  entering  the  same,  in  which  cases  the  ray 
suffers  no  change  except,  perhaps,  a  change  of  direction. 

A  polariscope  consists  of  two  parts,  namely — a  polarizer  and 
an  analyzer.  The  polarizer  changes  a  ray  of  common  light  into 
a  ray  of  plane  polarized   light,  by  suppressing  otv^  oii  \.W  V^^ 
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component  plane  polarized  rays  which  the  former  is  equivalent  to. 
The  analyzer  may  be  the  same  as  the  polarizer,  but  its  function  is 
different.  It  is  used  to  examine  the  nature  of  a  ray  of  light 
entering  it. 

If  the  polarizer  and  analyzer  be  similarly  situated,  the  ray  of 
light  which  has  been  polarized  by  the  former  will  pass  unchanged 
through  the  latter.  If,  now,  the  analyzer  be  rotated  about  its  axis 
through  a  right  angle,  it  will  suppress  the  ray  which  has  been 
polarized  by  the  polarizer,  and  darkness  will  be  the  result.  Again, 
if  a  plate  of  seolotropic  transparent  matter,  with  parallel  faces, 
be  introduced  between  the  polarizer  and  analyzer  with  its  faces 
perpendicular  to  the  ray  passing  from  the  former  to  the  latter, 
the  ray  will  in  general  suffer  a  change,  because  its  component 
plane  polarized  rays,  with  vibrations  parallel  to  the  directions  of 
greatest  and  least  elasticity  of  the  introduced  plate,  will  travel 
through  the  plate  with  different  velocities,  and  therefore  the  one 
will  suffer  retardation  relatively  to  the  other.  Consequently  the 
resultant  ray  which  leaves  the  plate  will  not  in  general  be  the 
same  as  that  which  enters  it,  and  therefore  when  it  enters  the 
analyzer  it  will  be  resolved  into  two  components,  one  with  its 
vibrations  parallel  to  those  of  the  ray  which  leaves  the  polarizer, 
and  the  other  with  its  vibrations  perpendicular  to  those  of  the 
former,  and  the  analyzer  will  suppress  the  former  component,  but 
will  allow  the  latter  to  pass  through  it.  Hence  the  light  will  be 
partially  restored.  Should,  however,  the  plate  be  introduced  with 
its  axis  of  greatest  elasticity  or  least  elasticity  parallel  to  the 
vibrations  of  the  ray  leaving  the  polarizer,  it  will  allow  the  ray 
to  pass  through  unchanged,  and  consequently  the  analyzer  will 
entirely  suppress  the  ray,  and  there  will  still  be  darkness. 

If  the  plate  be  not  very  small,  and  if  instead  of  a  single  ray  of 
light  we  have  a  cone  or  sheaf  of  rays,  it  may  happen  that  at  some 
parts  of  the  plate  the  direction  of  greatest  or  least  elasticity  is 
parallel  to  the  direction  of  the  vibrations  of  the  rays,  and  at  other 
parts  not  so,  which  will  be  the  case  if  the  lines  of  stress  in  the 
plate  are  curvilinear.  Should  this  be  so,  the  whole  plate  will 
appear  luminous,  except  along  certain  lines,  which  are  the  loci  of 
points  at  which  the  axis  of  greatest  or  least  elasticity  is  parallel 
to  the  vibrations  of  the  rays  leaving  the  polarizer,  which  lines  will 
appear  black.  If  the  plate  be  now  rotated  about  a  line  through 
its  centre  and  perpendicular  to  its  faces,  the  black  lines  will 
assume  new  positions  in  the  plate. 
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To  illuBtrate  this,  I  shall  show  you  tho  black  line  in  a 
rectangular  bar  of  glass  subjected  to  stress,  similar  to  that  of  a 
beam  supported  at  both  ends,  and  uniformly  loaded  throughout  its 
length.  You  will  observe  that  when  the  length  is  parallel  to  the 
direction  of  vibmtlou  of  the  jxilarized  ray,  the  black  lino  lies  along 
the  upper  and  lower  edges  of  the  bar,  and  perpendicularly  crosses 
the  middle  of  the  bar,  as  is  indicated  in  Fig.  1. 


Figures  1  to  U  show  the  forms  and  positions  of  tho  black 
line  for  various  positions  of  tho  bar,  from  the  horizontal  position 
to  the  vertical  position. 

It  will  be  observed  tliat  the  central  point  of  the  bar  is  alicaya 
black,   consequently  we  conclude  that  there  is  no  stress  there. 
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At  every  other  point  of  the  black  loci  lines  of  stress  cross  them 
horizontally  and  vertically,  that  is  to  say,  parallel  and  perpendicular 
to  the  direction  of  vibration  of  tbe  polarized  ray. 

If  we  wish  to  draw  lines  of  stress  we  can  do  so  as  follows: — 
Draw  all  these  black  loci  in  one  rectangle  on  a  piece  of  cardboard 


.  10. 
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Let  the  card  be  mounted  go  as  to  be  capable  of  rotation  about 
a  horizontal  axis  passing  perpendicularly  through  the  centre  of 
the  rectangle.  Let  the  card  now  be  rotated  slowly  about  this  axis, 
and  siaiultaneously  let  a  tracing  point  (Fig.  11),  carried  round  with 
the  card,  move  horizontally  so  as  always  to  cross  each  black  loevs 
at  the  instant  when  the  rectangle  is  in  the  position  corresponding 
to  this  locus.  The  line  thus  traced  on  the  cardboard  will  be 
aiiproximately  a  line  of  stress.  By  this  method  a  network  of 
lines  of  stress  can  be  drawn  in  the  i-ectangle  on  the  cardboard. 
This  network  (Fig.  10)  will  show  what  is  the  state  of  internal 
stress  of  the  glass  bar  and  consequently  that  of  the  uniformly 
loaded  beam. 

The  black  loci,  I.,  II.,  <tc.,  correspond  to  the  angular  positions, 
I.,  II.,  itc,  of  the  card.  The  dotted  lines  are  the  lines  of  internal 
stress, 

A  more  accurate  way  of  drawing  the  lines  of  stress  is  to  rotate 
the  card  in  front  of  the  lantern  simultaneously  with  the  rotation 
of  the  glass  bar,  so  as  always  to  have  the  imi^e  of  the  glass  bar 
occupying  the  same  position  on  the  card,  and  let  the  tracing  point, 
while  carried  round  by  the  card,  at  the  same  time  move  horison- 
tally,  so  as  always  to  be  on  the  black  locus  projected  on  the  card. 
The  line  drawn  in  this  way  will  be  an  accurate  delineation  of  a 
line  of  stress.  This  motion  of  the  tracing  point  may  be  aooom- 
plished  as  foUowB  : — Let  the  ti-acer  be  a  small  toothed  wheel,  T, 
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capable  of  rotation  about  a  fixed  axis,  A  A',  at  the  end  of  a  tracing 
pen,  P,  and  let  a  heavy  load,  W,  be  attached  rigidly  to  the  pen  at 
the  end  of  a  rod,  D,  so  as  to  compel  the  axis,  A  A',  of  the 
tracing  wheel  to  be  vertical  when  in  use. 


The  tracing  point  will  thus  be  incapable  of  any  motion  but  that 
communicated  to  it  by  the  rotation  of  the  card,  and  the  hoiizontal 
motion  given  to  it  by  the  rotation  of  the  tracing  wheel  as  the 
tracing  point  is  made  to  keep  on  the  blaok  locus. 

I  append  a  rough  drawing  of  the  instrument  by  which  I  imitate 
the  stresses  to  which  parts  of  structures  are  subjected  : — 


Fig.  12. 


Fig.  14. 


Fig.  13. 


Figures  12  and  14  are  side  and  end  elevations,  and  Fig.  13  a 
plan  of  the  instrument.  E  F  K  H  denote  the  glass  bar,  R  W  a 
brass  bar  which  receives  the  pressure  from  the  screw  SS'  and 
communicates  it  to  the  glass  bar  through  bits  of  india-rubber, 
such  as  M  N,  interposed  between  the  brass  and  glass.  Fig.  13 
shows  the  screw  at  the  top  of  the  instrument  by  which  the 
pressure  is  communicated.  Fig.  14  shows  the  openings  at  the 
end  through  which  the  bars  of  glass  and  brass  are  introduced. 
P  P'  and  Q  (Fig.  12)  are  pins  upon  which  the  ends  of  the  glass  bar 
are  supported.  If  we  wish  to  imitate  a  beam  fixed  at  the  ends 
we  must  introduce  other  pins,  T  and  V,  above  the  ends  of  the  glass 
bar.  Fig.  12  is  intended  to  indicate  the  arrangement  for  imitating 
a  beam  supported  at  both  ends  and  subjected  to  a  uniformly 
distributed  load.     This  is  approximately  iraitat^d  V^n  \w\A<i^\5i^\w% 


«I1»T 


248 


Philosophical  Society  of  Glasgow, 


a  long  strip  of  rubber,  E  F,  between  the  brass  and  glass  bars.  To 
imitate  loads  applied  at  isolated  points  of  the  beam,  I  introduce 
little  narrow  bits  of  rubber  at  these  points  between  the  glass  and 
brass.  For  example,  Fig.  15  shows  how  I  imitate  the  stress  of 
a  beam  loaded  at  its  centre  and  supported  at  its  ends,  by  intro- 
ducing a  little  bit  of  rubber,  Z,  between  the  brass  bar,  R  W,  and 
the  glass  bar  E  F  K  H,  right  under  the  screw  S  S'.  Uniformly 
bending  stress  may  be  imitated  by  introducing  little  bits  of  rubber 
between  the  brass  and  glass  at  Xi  and  Xo. 

Fig.  15. 


Other  forms  of  stress  may  be  similarly  imitated. 

The  black  loci  can  easily  be  studied  by  turning  the  apparatus 
lound  with  the  hand  in  an  ordinary  table  polariscope,  but  in  the 
lantern  polariscope  the  rotation  must  be  communicated  by  a  con- 
trivance similar  to  that  which  rotates  the  lantern  kaleidoscope. 

The  idea  of  turning  the  study  of  these  black  loci  to  practical 
use  for  the  determination  of  the  state  of  internal  stress  of  parts 
of  a  structure  was  suggested  to  me  some  three  or  four  years  ago 
by  a  civil  engineer,  Mr.  James  Love,  who  was  superintending  the 
manufacture  of  ceitam  works  by  a  Glasgow  tirm  for  a  London 
firm  of  civil  engineers.  His  hopes  of  the  usefulness  of  the  method 
were  so  great  that  he  entered  on  a  systematic  study  of  higher 
mathematics  and  optics,  so  as  to  be  able  to  work  it  out. 

I  have  lost  sight  of  Mr.  Love,  but  I  have  thought  the  matter 
out,  and  this  is  the  result  divested  of  mathematical  symbolism. 
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XX. — On  a  Dovhle  Chain  of  Electrical  Measuring  Instruments  to 
measure  Cttrrents  from  the  Millionth  of  a  MilUamjyere  to  a 
Tlwusand  Amperes,  and  to  measure  Potentials  up  to  Forty 
Thousand  Volts,  By  Sir  William  Thomson,  F.R.S.,  Past- 
President. 


[Comumnicated  to  the  Society  at  a  Meeting  held  in  the  Natural  PhiloRophy 
Class-Room,  University  of  Glasgow,  20th  April,  1887.1 


A  FUNDAMENTAL  requisite  of  a  measuring  instrument  is  that  its 
application  to  make  a  measurement  shall  not  alter  the  magnitude 
of  the  thing  measured.  When  this  condition  is  not  fulfilled  (as  is 
essentially  the  case  with  an  electric  measuring  instrument  not 
kept  permanently  in  or  on  the  electric  circuit  or  system  to  which 
it  is  applied),  it  is  the  magnitude  as  influenced  or  modified  by 
the  measuring  instrument  which  is  actually  measured,  and  the 
measurement  is  to  be  interpreted  on  this  understanding,  whatever 
may  be  the  circumstances.  Suppose,  for  example,  the  thing  to  be 
measured  is  the  diameter  of  a  fine  wire,  or  of  the  carbon  filament 
for  an  Edison-Swan  lamp,  or  of  a  hair,  or  of  a  silk  fibre.  If  the 
measurement  is  made  by  a  microscope,  with  the  proper  optical 
apparatus  for  measurement,  the  thing  measured  is  absolutely 
unaltered  by  the  measuring  appliance.  But  if  the  measurement 
is  made  by  an  ordinary  screw  gauge,  or  by  any  other  mechanical 
fitting  appliance,  however  gentle,  it  is  impossible  to  avoid  some 
diminution  of  the  diameter  to  be  measured  by  the  pressure  of  the 
measuring  appliance,  which  introduces  some  slight  uncertainty 
even  in  the  measurement  of  steel  or  copper  wire,  and  very  con- 
siderable uncertainty  when  a  filament  of  softer  material  is  to  be 
measured. 

The  nearest  approach  in  electric  measuring  instruments  to  the 
fulfilment  of  this  condition,  of  not  altering  the  magnitude  of  the 
thing  measured,  is  attained  by  the  electrometer  when  applied  to 
measure  difierences  of  potential  between  difi^erent  points  of  a  wire, 
or  metallic  mass  of  any  shape,  in  which  electricity  is  kept^flowing 
by  a  battery  or  dynamo  or  other  electro-motive  apparatus.  The 
insulation  of  any  practical  electrometer  is  so  nearly  perfect  that 
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the  conduction  of  electricity  through  the  instrument  does  not 
sensibly  diminish  the  difference  of  potentials  of  the  points  touched 
by  the  electrodes.  In  this  respect,  therefore,  the  electrometer 
would  be  ideally  perfect;  but,  alas,  it  is  only  for  potentials  of 
more  than  400  or  500  volts  that  the  electrometer  in  any  shai>e 
has  been  made  a  convenient  and  fairly-accurate  standatxi  measuring 
instrument  for  ordinary  pi-actical  use.  For  less  than  400  volts 
the  practical  solution  in  connection  with  electric  lighting  is  afforded 
by  a  current-measuring  instrument  with  a  known  resistance  in 
its  circuit;  though  for  many  differential  measurements,  and 
particularly  for  measurements  of  the  insulation  of  submaiine 
cables,  and  determinations  of  the  insulating  quality  of  insulators 
for  many  practical  purposes,  the  quadrant  electrometer  is  found 
useful  as  a  differential  measuring  instrument. 

The  quadrant  electrometer  in  its  most  sensitive  adjustment 
indicates  about  y^  of  a  volt,  and  with  modified  adjustments 
(heterostatic  and  idiostatic)  can  be  used  for  measuring  up  to 
300  or  400  volts.  It  is  described  in  detail  in  the  "  Report  on 
Electrometers  and  Electrostatic  Measurements "  published  in  the 
British  Association  volume  for  1867  (Report  of  the  Committee 
on  Electrical  Standards),  and  reprinted  as  Article  XX.  of  my 
"Collected  papers  on  Electrostatics  and  Magnetism,"  so  I  need 
say  nothing  more  of  it  at  present.  The  Electrostatic  Voltmeter 
exhibited  and  shown  in  action  this  evening,  and  represented  in 
the  annexed  drawing,  is  an  idiostatic  standard  instrument  for 
measurement  of  from  400  volts  to  10,000  volts. 

It  consists  of  an  air  condenser  with  one  of  its  plates  capable  of 
a  to-and-fro  motion  so  as  to  vary  the  capacity  of  the  condenser. 
The  fixed  brass  plates  are  supported  so  as  to  be  accurately 
parallel  to  each  other  and  in  metallic  connection,  while  they  are 
thoroughly  insulated  from  the  case  of  the  instrument.  The 
movable  plate  is  of  aluminium,  and  is  supported  in  a  vertical 
position  on  a  knife  edge,  the  plane  of  its  motion  being  parallel  to 
the  fixed  plates  and  situated  midway  between  them.  The  upper 
end  of  this  movable  plate  has  a  fine  prolongation  which  serves 
as  a  pointer  for  indicating  the  deflections  on  the  scale  of  the 
instrument,  and  at  its  lower  end  is  fixed  a  knife  edge  having  its 
length  perpendicular  to  the  plane  in  which  the  plate  moves. 

There  are  two  pairs  of  terminals,  one  pair  for  the  fixed  plates 
and  the  other  pair  for  the  movable  plate,  and  each  terminal  is 
insulated  from  the  case  of  the  instrument.     Of  the  pair  on  the 
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left-hand  side  of  the  case,  the  terminal  towards  the  back  of  the 
instrument  is  in  metallic  connection  with  the  fixed  brass  pistes, 


while  that  towards  the  front  (which  nmy  be  called  the  working 
terminal)  is  simply  an  influlat«d  brass  pin.  A  glass  u-tnbe  is 
suspended  between  these  two  terminals,  and  contains  a  safety-arc 
of  finest  copper  wire  connecting  them.  The  terminal  toward 
the  back  of  the  instrument  on  the  right-hand  side  is  in  metallic 
connection,  through  the  v-groove  support,  with  the  movable  plate; 
in  other  respects  the  pair  of  terminals  on  the  right  is  similar  to 
the  pair  on  the  left. 

In  order  to  save  time  in  taking  readings  an  arrangement  is 
provided  for  checking  the  oscillations  of  the  movable  plate,  and 
etopB  are  placed  to  limit  its  range  and  prevent  damage  to  the 
pointer. 

When  the  fixed  and  movable  plates  are  connected,  respectively, 
to  two  points  of  an  electric  circuit,  between  which  there  exists  a 
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difference  of  potential,  the  movable  plate  tends  to  move  so  as  to 
augment  the  electrostatic  capacity  of  the  instrument^  and  the 
magnitude  of  the  force  concerned  in  any  case  is  proportional  to 
the  square  of  the  difference  of  potential  by  which  it  is  produced 
In  the  use  of  the  instrument  this  force  of  attraction  is  balanced 
by  the  horizontal  component  of  a  weight  of  any  convenient  amount 
hung  on  the  knife  edge  at  the  bottom  of  the  movable  plate. 

The  scale  is  graduated  from  0  to  60,  and  the  divisions  represent 
equal  differences  of  potential,  the  actual  magnitude  of  the 
difference  per  division  being  dependent  upon  the  weight  in  use  at 
the  time.  A  set  of  three  weights  is  sent  with  each  instrument, 
of,  respectively,  32*5,  97*5,  and  390  milligrammes,  providing  for 
three  grades  of  measurement  in  the  proportion  of  1  :  2  :  4.  Thus 
the  instiiiment  shows  one  division  per  50  volts  with  the  link  (the 
lightest  weight)  alone  on;  one  division  per  100  volts  with  the 
medium  weight  hanging  on  the  link,  and  one  division  per  200 
volts  with  all  three  weights  on. 

At  from  8,000  to  10,000  volts  there  is  some  liability  of  a  spark 
passing  between  the  movable  plate  and  one  or  other  of  the  four 
fixed  quadrant  plates  between  which  it  moves,  hence  the 
highest  potential  for  which  the  instrument  can  be  used  is  about 
10,000  volts.  For  higher  potentials  my  long-range  electrometer 
["  Collected  papers  on  Electrostatics  and  Magnetism/'  §§  383-384] 
is,  so  far  as  I  know,  the  only  standard  electrometer  which  has 
hitherto  been  pi-actically  used.  But  with  the  experience  which  I 
have  had  of  gravity  instruments  for  electric  balances  in  general, 
and  particularly  of  the  electrostatic  voltmeter,  I  am  now  convinced 
that  an  electric  balance  for  weighing  the  direct  attractive  force 
between  a  fixed  plate  and  a  movable  disc  will  bo  the  l>est  form  of 
standard  electrometer  for  all  potentials  exceeding  8,000  or  10,000 
volts.  I  hope  before  the  close  of  next  session  to  be  able  to  show 
to  the  Philosophical  Society  a  convenient  instrument  of  this  kind, 
adapted  to  measure  from  10,000  to  40,000  volts,  and  possibly  even 
to  70,000  or  80,000  volts;  although  I  cannot  anticipate  for 
measurement  of  such  high  electric  potentials  any  great  practical 
demand,  as  far  as  the  future  of  electric  technology  can  be  con- 
jectured at  present. 

The  electrometer  is  available  with  equal  convenience  for  the 
measurement  of  electric  potentials  in  circidts  of  direct  current  or 
of  alternate  current.  In  the  latter  application  the  result  is  quite 
definitely  tbe  square  root  of  the  time  average  value  of  the  square 
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of  the  difference  of  potentials  between  the  points  touched  by  its 
electrodes.  A  good  deal  is  now  being  done  for  electric  lighting 
and  the  electric  transmission  of  power  by  means  of  circuits  at  high 
potentials  of  from  700  to  2,000  and  3,000  volts;  and  for  such 
purposes  the  electrostatic  voltmeter,  just  described  and  illustrated, 
is  conveniently  available.  The  method  of  finding  potentials 
by  measurement  of  current  through  a  known  resistance  is  also 
available  even  for  these  very  high  potentials,  but  the  electrometer 
is  preferable,  because  of  the  cumbrousness  and  expensiveness  of  the 
resistance  coils  required  by  the  current-measuring  method  when 
the  potential  is  more  than  600  or  700  volts. 

For  potentials  of  from  500  volts  downwards  the  method  of 
measuring  current  through  resistance  is  thoroughly  convenient  and 
practical.  Thus  we  are  led  to  the  consideration  of  the  current- 
measuring  branch  of  our  "Two-branch"  chain  of  measuring 
instruments. 

Beginning  with  the  feeblest  currents,  I  may  refer  to  the  astatic 
mirror  galvanometer  of  the  form  introduced  by  me  about  twenty- 
eight  years  ago,  and  now  much  used  for  laboratory  and  telegraph- 
testing.  This  instrument  is  capable  of  being  adjusted  to  measure 
currents  as  low  as  the  fifty  millionth  of  a  milliampere  with  a  coil 
of  from  5,000  to  10,000  ohms.  It  has,  besides,  the  great  advantage 
that  its  sensibility  can  be  easily  varied  through  a  wide  range.  Thus 
an  instrument,  which,  when  in  its  most  sensitive  state,  will  measure 
the  fifty  millionth  of  a  milliampere,  can  be  easily  arranged  to 
measure  the  thousandth  of  a  milliampere.  Professor  S.  P.  Langley, 
of  the  Allegheny  Observatory,  U.S.,  recently  used  in  his  i-adiation 
experiments  one  of  these  instruments  which  he  had  specially  made, 
and  which  included  several  important  improvements  of  his  own, 
such  as  the  use  of  a  very  long  suspending  fibre  and  a  very  perfect 
mirror.  He  finds  an  instrument  of  20  ohms  resistance  capable  of 
being  used  with  perfect  accuracy  for  the  measurement  of  the  two 
millionth  of  a  milliampere.  In  ordinary  telegraph-testing  these 
galvanometers  are  commonly  adjusted  to  measure  currents  down 
to  about  the  millionth  of  a  milliampere,  and  for  special  tests,  as, 
for  instance,  the  measurement  of  the  insulation  of  short  lengths 
of  core  for  submarine  cable,  sensibilities  as  high  as  those  specified 
above  are  often  used. 

The  current-measuring  instrument,  commonly  called  by  the 
name  of  galvanometer,  whether  it  be  the  sine  galvanometer,  the 
tangent  galvanometer,  or  any  of  the  different  varieties  of  mirror 
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XBivamniHSEn  nnse.  is  -aennailj  Mj£n«n-«acic.  That  is  xo  »t, 
ir  ia  UL  Ti«tninf=nr  m  whLuk  \  ^muTnilnig  mmsie^  is  used  u>  balance 
die  '^iecrm-am^nficic  iirce  pmdnced  m  a  nfnignedsed  sceel  needle 
iv-  i  sjnuiLuror  ir  .^iii  "nTninrti  wimm.  iows  die  correnc  to  be 
meaaaretL  In.  die  sue  ^al^^'smniieaar  ami  ^sui^suc  ^TaDometer, 
jfl  orismallj  oaeL  md  as  sdll  ^xirsi^j  ised  mr  maiiT  important 
«*iectr:L*aI  Tipfbgir£nn3ica>  die  jQiirroniTi?x  nu&tsnef:  is  the  earth;  bat 
it:  ia  HUT  iiL  A  JacLir-'  iir  inin  ivniiai»:s  jjuI  from  wires  carrriiur 
<!aiicmiiciia  *  •iTirr«?iii3  53r  -iiecmi:  ligacir-j,  diac  the  terrestrial 
magrn»rTi»  tieiii  ioifiiKH  XF  A  sne  JF  :&  Tan  OTIS  galTanometer  when 
aaj  icpFcacii  'o  ici!TiraL*7  is  r^tiair^:  and  ciias  in  telegraph 
Offices.'  Vorkshocs.  and  ^-n^iiie^nxims  h  is  generalij  desirable,  if 
HOC  ah6<ji.a:jei7  nj^izesEorj.  ':o  oae  a  mnoi  scroi^ser  magnetic  field 
than,  mac  ot  the  earth  f  :f  jQntrirfn'j  tie  zjeedle  or  a  galvanometer. 
Bat  wheciieF  the  ccmrtiLiiur  magnet  ce  the  earth,  of  a  steel  magnet 
irji  fierce  ia  esBentiaZIj  inci^nstant :  and.  therefore,  a  magneto^tatic 
galvanomet^*  of  anj  kind  ret^iires  Sijoie  means  for  determining, 
from  time  tto  time,  the  a:<»r5cLHit  bj  wxiicn  tbe  absolute  valae  of 
the  cnrrpi:t  measureii  can  be  calcrilated  firom  its  indications,  or  a 
m<^ans  of  freshlv  adjusting  the  field  t»3  give  anv  convenient  absolute 
value  to  the  readings  on  the  scale  of  the  instrument. 

Sixteen  or  seventeen  vears  ago  I  introduced  a  form  of  tangent 
galvanometer  which  came  to  be  called  the  "i^dle  wheel  galva- 
nometer,' from  the  appearance  of  the  two  coils  being  somewhat 
iilc^  the  paddles  of  a  [laddle  steamer.  In  this  instrument  two 
coil.'t,  adjustable  to  anv  desired  equal  distance  on  the  two  sides  of 
the  ^;entre,  act  on  a  small  needle  or  group  of  small  needles  hong 
)iy  a  ftingle  jdlk  fiVire,  and  cany  a  pointer  of  alK)ut  eight  centimetres 
I^Ti^th,  which  shows  deflections  on  a  scale  of  unequal  divisions 
prf/f)ortional  to  the  tangents  of  the  deflections.  Ordinarily  the 
iiee<lle  i»  acted  upon  V^y  the  terrestrial  magnetic  force  alone,  but 
KfnnetimeH  in  lalioratoi-y  experiments  a  controlling  magnet  is  placed 
either  tr^  augment  or  to  diminish  the  controlling  force  on  the 
needle.  Thi«  instrument,  though  capable  of  considerable  accuracy 
for  n,\m)\\iU}  nieaHurement  in  a  locality  free  from  local  magnetic 
dlttttirbanrf,  wan  replaced  by  my  graded  galvanometers,!  which 
have  bi'on  found  imidi  more  convenient  for  general  purposes  and 


»   »tH 


Tlio  niil^hhourhofMl  f)f  a  conductor  carrying  an  alternate  curi'ent  for 
i«l«'«»trl«'  IlKliihiK.  Iiowovrr  nlrong,  would  not  disturb  the  terrestrial  magnetic 
flolil  for  a  nIiik  ^alvnnoniutrr  or  tangent  galvanometer  in  its  neighbourhoo<l. 
/  l'nit*tii  Nn,  A,(W«,  of  IH81.  2fttV\  December. 
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have  beea  somewhat  largely  used  since  they  were  brought  out  five 
years  ago.  I  have  never,  however,  been  quite  satisfied  with  them, 
and  I  have  been  incessantly  occupied  in  the  attempt  to  produce 
an  adjustable  magneto-static  tangent  galvanometer  which  shall  be 
both  more  convenient  for  ordinary  use,  and  more  susceptible  of 
high  accuracy  for  scientific  investigation  than  the  graded  galva- 
nometers. I  am  not  able  this  evening  to  show  more  than  a  half- 
finished  attempt  to  realize  this  object,  but  I  feel  that  I  am  now 
nearly  touching  it,  and  I  hope  at  the  commencement  of  next 
session  to  be  able  to  place  before  you  a  working  instrument  of  the 
magneto-static  class,  which  shall  be  thoroughly  convenient  for 
showing  the  number  of  lamps  a-light  at  any  time  in  an  ordinary 
dwelling-house  lighted  by  Edison-Swan  lamps  with  direct  current, 
and  which  shall  also  be  available  as  a  scientific  measuring  instru- 
ment to  measure  currents  of  from  one  to  sixty  amperes  with  a 
proportionate  accuracy  of  one  quarter  per  cent,  in  the  best  part  of 
its  scale. 

I  have  also  made  great  efibrts  during  the  last  six  years  to 
produce  satisfactory  constant-standard  instruments  for  measuring 
electric  currents,  and  I  have  from  time  to  time  placed  before  you 
results  in  which  the  object  was  to  some  degree  realized,  but,  as  I 
have  always  told  you,  not  satisfactorily.  This  time  last  year  I 
placed  before  you  and  explained  instruments  depending  on  Fara- 
day's discovery  of  the  tendency  of  a  globe,  or  cube,  or  short  bar  of 
soft  iron,  to  move  from  places  of  weaker  to  places  of  stronger 
force  in  a  magnetic  field.*  Two  of  those  instruments  which  you 
saw,  and  which  were  then  nearly  completed,  are  indicating  the 
potential  of  the  current  by  which  we  are  lighted  this  evening. 
You  see  when  I  increase  the  potential  between  the  terminals  of 
the  instrument  (by  taking  out  lamps  in  multiple-arc  between  the 
electric  light  mains),  how  the  indicator  shows — now,  an  augmenta- 
tion of  2^  per  cent,  which  makes  the  lights  considerably  brighter ; 
now,  again,  a  diminution  of  1  per  cent. ;  and,  again,  the  previous 
potential,  and  the  lights  as  they  were.  Since  you  first  saw  them 
these  two  instruments  have  been  incessantly  at  work  on  the 
electric-light  wires  in  my  house  and  laboratory,  and  have  done 
good  work  all  this  time.  I  may  say,  in  passing,  they  have  allowed 
me  to  use  much  higher  incandescence  without  risk  to  the  lamps 
than  would  have  been  practicable  without  a  trustworthy  potential 


♦  Patent  No.  11,106,  9th  August,  1884. 
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indicator,  and  personal,  if  not  automatic,  attention  to  regulate  the 
potential  according  to  its  indications. 

Though,  however,  they  have  so  far  been  practically  useful  to 
myself,  I  am  not  satisfied  with  the  instruments,  because  they 
involve  the  use  of  soft  iron,  the  retentiveness  of  which  is  always 
a  serious  trouble  that  I  have  only  been  able  to  keep  within 
bounds,  not  completely  to  eliminate,  by  the  use  of  the  curi^ent 
reversor  which  you  see  in  connection  with  one  of  the  instruments 
before  you.  I  have,  therefore,  returned  to  the  original  discovery 
by  Ampere  of  the  mutual  force  between  movable  and  fixed 
portions  of  an  electric  circuit,  first  utilized  by  Weber  in  his 
"  Electro-dynamometer,"  to  obtain  a  constant-standard  instrument 
for  measuring  electric  currents  without  any  of  the  trouble  and 
residual  inaccuracy  entailed  by  the  use  of  soft  iron.  After  many 
trials,  I  have  succeeded  in  improving  an  electro-dynamic  balance 
towards  which  I  made  a  great  many  trials  five  years  ago;  and 
within  the  last  three  months  I  have  succeeded  in  my  laboratory 
in  making  accurate  measurements  of  currents  of  from  20  milli- 
amperes  to  200  amperes,  by  means  of  four  instruments,  on  the 
general  plan  of  the  rudimentary  centi-ampere  balance  before  you, 
in  which  a  single  movable  coil  is  repelled  and  attracted  upwards 
by  two  fixed  coils,  one  below  it  and  the  other  above  it,  and  the 
total  of  the  electro-magnetic  force  is  balanced  by  a  weight  hung 
on  a  knife  edge  attached  to  the  balance.*  At  the  commencement 
of  next  session  I  hope  to  show  you  some  of  these  instruments 
in  a  state  fit  for  practical  work.  In  the  meantime,  I  can  only 
thank  you  for  the  patience  with  which  you  have  listened  to  me 
this  evening,  and  for  the  kindness  with  which  now,  as  on  previous 
occasions,  you  have  allowed  me  to  bring  half-done  work  before 
you,  and  to  tell  you  of  what  I  hoped  to  do,  but  had  not  yet  done, 
in  the  way  of  producing  practically  useful  instruments. 


*  Patent  No.  2,028,  2l8t  April,  1883. 
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XXI. — The  Reform  of(ywr  Present  Methods  of  Disposal  of  the  Dead  : 
Earih-UhEarth  Burial  versus  Cremation.  By  Ebek.  Duncan, 
M.D.,  President  of  the  Sanitary  and  Social  Economy  Section. 


[Head  before  the  Society,  27th  April,  1887.] 


The  question  of  how  our  great  cities  are  to  dispose  of  their 
dead  has  now  come  to  be,  both  from  the  sanitary  and  from  the 
economical  point  of  view,  a  question  of  the  first  importance. 

The  credit  of  first  arousing  public  attention  to  the  necessity  for 
a  reform  of  the  burial  customs  of  this  country  is  due  to  Mr.  G.  A. 
Walker,  a  London  surgeon,  who  published  in  1 839  a  book,  entitled 
'^Gatherings  from  Graveyards,"  a  detail  of  dangers  and  fatal 
results  produced  by  the  unwise  and  revolting  custom  of  inhuming 
the  dead  in  the  midst  of  the  living.  Mr.  Walker  brought  forward 
a  mass  of  evidence  which  proved  that  the  overcrowding  of  the 
graveyards  and  church-vaults  of  London  had  rendered  their  vicin- 
ity pestilential.  He  showed  that  the  graves  were  systematically 
violated,  and  the  remains  of  the  dead  treated  as  ofial,  and  cast 
aside  in  order  to  make  room  for  fresh  interments;  and  he  demanded 
that  the  Government  of  the  country  should  prohibit  the  interment 
of  the  dead  in  the  vicinity  of  the  living,  and  that  the  cemeteries 
of  England  should  be  put  under  stringent  regulations  to  prevent 
a  recurrence  of  evils  which  had  led  repeatedly  to  seiious  outbreaks 
of  epidemic  disease.  A  verse  from  the  poet  Henry  Kirk  White  is 
quoted  on  the  title-page  of  Mr.  Walker's  book,  which  shows  that 
the  evils  of  which  he  complained  were  lamented  and  denounced 
forty  years  previously : — 

**  And  who  would  lay 
His  body  in  the  city  burial-place, 
To  be  thrown  up  again  by  some  rude  sexton, 
And  yield  its  narrow  house  another  tenant 
Ere  the  moist  flesh  had  mingled  with  the  dust, 
Ere  the  tenacious  hair  had  left  the  scalp, 
Exposed  to  insult  lewd  and  wantonless  ? 
No,  I  will  lay  me  in  the  village  ground, 
There  are  the  dead  respected." 

Three  years  after  Mr.  Walker's  book  appeared,  a  Government 
inquiry  was  made  into  the  practice  of  interment  m  to^n^,    'Y^c^^ 
Vol.  XVIIL  r 


niitftfi-fYiTrf'     ^a?ttf74     a*'    ':7»OMOOtL 


yfuvB^  «™^»^'*ii«-'  fniOdBosBt  i£  a  smikr  laean^  -^^-S^ni,  ^  18M), 
icw^  jtatust  imr-  "diF  sont  of  ^™*^^  ^roQsds  lij  the 
«c  SsdxL  fi2i£  &  3wnri  -««&  |i>UKiiiiea  to  PuiiuMnty 
saannnt  isctL  &  uhluwuk  sdc  ji^vui&m;:  stHsr  cf  im<fi>  in  oar 
£ir^  .cr^^'T'^^^crai.  '«&&::  'mt  tHypernnBUi  'waa^  k  j&s  Tooaoa  to  acdon, 
iou.  ju.  -Sr«:  ^ir^  imobk:  ik3hc  s  kncfrs  ss  "dbt  Boiimk  Ad 
riii>  -k;^  i«i:  X  XI.  iitf  iif^i^s:  0:  iaeal  miuhb'"hj«  to  simt  iq>,  or 
'*f»m>ff^-i«    u^   -^Xb   fr^^^i^fsx^BS^  'w^nsL  n'lLt    *"  ooziaiiesieiii  in  sodi  s 

OK^smr^  '     ?W  mtK  ic  unmdxDt  igmimjLJBi  lor  ife  pBopie 

Ix.  lsr«.'   ^ti   >iK*n«K:v   ic  Ste»  iir  1^  Hj 

Ar:.  JL^Kc  Ttr-rvcuuz^  iir  laif  Jwinrnt  ami  Apaining  a€  the 
SPTvau^  in:  siu  hyiautL  ir  x  nor  {ssmv^anoBiL  ami  lor  ^e 
^"iipsGracim  /f  ^r^^'^^^  iai£  'nirsi&  iir  jm£  atrwx  tine  ioQovii^ 
rxiiflt^  -71  whasL  I  ^vrsa.  17  mrsiec  yiur  ^leaaL  jsaessain : — 

X.  nu  |!n^r«^^oiu^^^  iir  -latf  nn»I  if  mcsbbs  swve  13  ^eus  of 
KS9  s^i2i«i  3«  ic  jemR  i  :»«:  '15  ^  Mc  ami  "aiBK  fer  the  hviiii  of 
zoilor^a  xmier  1  i  7>!iic^  ^  jt^i?  -)  3wc  15  ^  mc.  4r  ^  feet  W  4 

7.  'JW  xi%i7  ;mxy  saall  W  jiura^i  :£l  x  43C!&ve  ss  csat 

^e  inrisL,  li  \  pisrsua  lutfve  I:^  j^sars^  at  asps*  er  wichbi  $ 
irxr  -aia  ixnrsL.  n  %  :itilii  trnter  li  50^5  crt  ace.  nxtkat  to  hmrr 
tootmer  memsKr  :ii  zha  ssok  cumLv.  in  wufifs.  case  n  Ivrer  of 
'ssraif  30G  less  ^iuii  one  5>c6  CTrirk>  :»ukl  be  lec  nufiRarhcd  above 
die  nT^TOrnslT-btrni«  .^o^n. 

d,  Xa  '?3i&i  sooiL  be  based  tzi  aor  imiraHeii  gjeave  liithin  4 
5i*tz  of  !itf!  :r'umirj  le^^L  e£  che  groixsii*  Ttnleae  it  *'wt*i'iait  the 
--'.oiT  ot  %  '.'iiilii  :iiiiier  12  Tean  of  ;ige.  w^en  is  snail  not  be 
fiiiaa.  ^5  &i*:t:  below  •be  !eveL 

Tliese  reyiianirms  w^n  drawn  up  in  nae  ligbfi  o£  tbe 
of  nhe  {ankary  aathortties  hoc  ooIt  q£  Fngti^*?^  bits  of  ewrr 
other  ajixntry  in  Europe.  Thej  are  in  accoixuuice  wifib  tbe  tkws 
of  tiuBie  bessc  licted  by  ciieir  experience  of  socb  namten  to  jodn  as 
CO  what  1ft  necesKuy  co  prevent  scemeterr  from  becoming  a  aomEce 
of  oniaaQce  and  danger  co  the  lining. 

JLfpujif  in  1^7,  there  was  firesh  L^pblatbn  which  ^h^  with 
the  snbjeet.     In  the  Public  Health  (Scotland)  Act  of  thttt  jw  it 
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is  enacted  that  "  Any  churchyard,  cemetery,  or  place  of  sepulture, 
80  situated,  or  so  crowded  with  bodies,  or  otherwise  so  conducted 
as  to  be  offensive  or  injurious  to  health,  may  be  treated  as  a 
nuisance,  and  shut  up,  or  regulated,  on  satisfactory  proof  being 
led  before  the  Sheriff  by  the  Local  Authority  of  the  place  in  which 
the  graveyard  is  situated." 

In  order  to  complete  the  statement  of  the  law  of  burial,  it  is 
necessary  to  point  out  that,  according  to  the  Parochial  Ecclesiastical 
Law  of  Scotland,  every  parishoner  has  a  right  to  a  grave  in 
the  parish  churchyard,  with  the  proviso  that  his  right  is  only  a 
temporary  one,  limited  to  the  time  during  which  his  body  remains 
recognisable  in  the  soil  The  law  of  Scotland  does  not  recognise 
a  grave  in  a  parish  churchyard  as  a  spot  to  be  permanently  tenanted 
by  any  one  inmate,  but  as  the  temporary  resting-place  of  successive 
occupants  and  successive  generations.  When  the  interred  body 
has,  by  the  process  of  decomposition,  been  resolved  into  dust,  the 
law  deems  the  grave  vacant,  and  the  space  may  be  re-allocated  to  a 
new  occupant.  The  precise  time  in  which  the  right  to  re-allocate 
a  grave  can  legally  be  exercised  varies  according  to  soil,  size  of 
body,  and  nature  of  coffin ; — 18  to  25  years  have  been  spoken  of  in 
Duncan's  Treatise  on  the  Parochial  Law  of  Scotland,  which  I  am 
told  is  a  standard  authority  in  such  matters  of  Scotch  law.  This 
right  can  only  be  exercised  by  the  heritors  if  there  is  no  unoccupied 
ground  fit  for  allocation.  When,  from  the  increase  of  the  parochial 
community  or  other  cause,  the  burial  accommodation  of  the  parish 
is  too  limited,  the  heritors  are  bound  to  supply  additional  ground. 
Under  the  Burials  Act,  the  local  authorities  have  unfortunately 
been  granted  the  power  of  contracting  with  a  cemetery  company, 
not  under  the  Burials  Act,  to  bury  for  them  the  bodies  of  persons 
who  would  have  had  rights  of  interment  in  the  burial  grounds  of 
the  parish. 

Private  cemetery  companies  have  been  originated  in  our 
large  cities  to  provide  for  the  graveyard  accommodation  of  the 
community,  provision  for  which  had  been  neglected  by  the  public 
bodies,  which  ought  to  have  provided  it  under  powers  of  the 
Burials  Act  of  1855.  The  shares  in  these  companies  were  eagerly 
taken  up  by  the  commercial  classes,  because  it  was  known  that 
large  profits  could  be  realised.  In  graveyards,  as  in  house  property, 
the  greatest  profits  are  extracted  from  the  pockets  of  the  poor. 
These  profits  are  got  because  the  cemeteries  so  provided  by  private 
enterprise  are  not  under  the  regulations  of  the  B\ms\  Q;tQ)\x\A% 
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Act  Although  origmated  bj  humane  and  public-spirited  citizenfl^ 
thej  are  now  conducted  on  purely  commercial  principles^  and  are 
permitted  to  ignore  laws  of  sanitary  science  and  considerations  of 
public  decency,  to  which,  were  they  under  a  public  censorship, 
they  would  be  compelled  to  attend. 

Although  some  of  the  grosser  insanitary  conditions  connected 
with  vault  burial  and  city  churchyards  have  been  remoTod,  the 
facts  which  I  shall  narrate  are,  I  think,  sufficient  justification 
for  the  assertion  that  in  the  suburban  areas  of  our  large  towns 
the  duty  of  the  local  authorities  under  the  Public  Health  Act,  to 
see  that  the  cemeteiies  under  their  jurisdiction  are  conducted 
without  offence  to  health  and  decency,  is  either  very  imperfectly 
performed,  or  not  attended  to  at  all. 

In  the  year  1866  the  Town  Council  of  Glasgow  appointed  a 
committee  to  obtain  information  as  to  the  condition  of  intramural 
interment  in  the  city.  The  committee  found  that  the  intramural 
graveyards  were  all  situated  either  in  direct  contact  with,  or  in 
the  immediate  vicinity  of,  a  densely-crowded  working  population, 
and  that  many  of  them  were  so  crowded  with  bodies  that  the 
soil  was  utterly  unequal  to  the  task  of  absorbing  and  neutralising 
the  noxious  exhalations  from  the  dead.  The  committee  asked 
the  Council  to  get  this  whole  system  of  impurity  swept  away, 
as  there  could  be  no  doubt  that  the  existence  of  such  burial 
grounds  was  injurious  to  the  public  health.  A  petition  was  pre- 
sented to  the  Sheriff,  in  1870,  to  have  these  graveyards  closed  or 
restricted,  and  a  decision  was  got,  ordering  the  said  burial  grounds 
to  be  closed  after  the  7th  May  of  that  year,  with  the  proviso 
that  existing  lairholders  might  still  inter  upon  a  grant  being  given 
by  the  Sanitary  Department  after  proper  inquiry  into  the  circum- 
stances of  the  case. 

In  1876,  a  report  was  made  to  the  Town  Council  by  Mr. 
Macleod,  of  the  Sanitary  Depai;tment,  on  the  condition  of  the 
fourteen  city  burial  grounds,  which  had  either  been  closed  alto- 
gether or  placed  under  restriction  by  order  of  the  Sheriff.  In  his 
report  he  says  that  these  places  are  apparently  managed  without 
any  regard  for  the  feelings  of  respect  and  reverence  with  which 
the  living  desire  to  bury  their  dead,  and  that,  with  one  or  two 
exceptions,  the  grounds  were  overcrowded  with  bodies  and  had 
been  allowed  to  fall  into  a  disgraceful  state  of  weeds,  disorder, 
and  dilapidation,  which  must  have  had  a  most  depressing  and 
demoraHMng  effect  on  the  minds  of  the  unfortunate  inhabitants 
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of  the  sorronnding  houses.  He  recommended  that  further  inter- 
ment in  them  should  at  once  be  discontinued  and  forbidden. 

In  addition  to  these  places,  which  are  now  almost  entirely 
disused,  there  are  still  four  unrestricted  intramural  public 
cemeteries:  the  Necropolis,  the  Southern  Necropolis,  Janefield, 
and  Sighthill,  all  of  which  are  comparatively  recent  and  contain  a 
small  area  of  unallocated  lairs.  These  places  are  at  present  well 
cared  for,  and  kept  in  good  order.  There  are  also  five  extra- 
mural public  cemeteries  on  the  outskirts  of  the  city :  Dalbeth, 
St  Peter's,  and  Sandymount,  on  the  North  side,  and  Craigton 
and  Cathcart,  on  the  South  side  of  the  Clyde.  If  these  cemeteries 
were  under  the  Burials  Act,  or  administered  in  accordance  with 
the  rules  laid  down  by  the  Secretary  of  State,  they  would  very 
speedily  be  filled.  Mr.  Macleod  calculated  that,  giving  the 
prescribed  space  for  each  body,  and  assigning  a  separate  grave 
for  each  interment,  13  acres  annually  would  be  required  for 
the  inhabitants  of  the  city,  and  to  meet  the  wants  of  the 
suburban  residents  we  may  add  3  acres  more;  so  that,  without 
providing  for  any  increase  of  the  population,  as  19,000  deaths 
may  be  taken  as  the  annual  number  for  greater  Glasgow,  130 
acres  would  be  alienated  from  the  use  of  the  living  every  10 
years  to  accommodate  about  19,000  dead  bodies.  That  is  the  ideal 
graveyard  accommodation,  which,  as  far  as  the  poor  are  concerned, 
is  a  very  remote  ideal  Out  of  19,237  interments  which  were 
made  in  the  cemeteries  of  Glasgow  in  the  year  1875,  9,627  bodies 
were  buried  in  common  ground ;  2,000  of  these  would  represent  the 
average  pauper  interment,  and  the  rest  consisted  of  poor  persons 
who  could  not  afford  to  pay  more  than  the  10s.  or  12s.  which  gives 
them  the  use  of  the  fifth  part  of  a  grave,  or  the  sixtieth  part  of  a 
pit,  as  the  case  may  be. 

I  shall  describe  to  you  the  burial  of  the  poor  in  the  com- 
mon ground  of  three  cemeteries  which  I  have  personally 
inspected.  I  shall  begin  first  with  a  most  respectable  cemetery, 
caUed  the  Southern  Necropolis,  owned  by  the  lairholders,  and 
managed  in  their  interest  There  are  here  and  there  in  the 
eastern  portion  of  that  cemetery  small  patches  of  ground  which 
have  not  been  taken  up  by  private  lairholders.  In  these  patches 
a  pit  is  dug  about  4  feet  broad,  7^  feet  long,  and  8  feet  deep.  Into 
this  pit  a  double  row  of  adult  coifins  is  placed,  one  built  on  the  top 
of  the  other  like  bricks  in  a  brick  wall,  with  a  few  inches  of  sand 
between,  until  the  pit  contains  its  full  compleTneni\»  ol  ^\\^  «^k^ 
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coffins.  As  these  coffins  do  not  fill  up  the  whole  of  the  grave^  the 
space  left  is  filled  with  infants'  coffins  and  those  of  young  children, 
so  that  there  mav  ultimately  be  16  or  more  in  one  common  grave. 
During  the  time  that  the  coffins  are  being  built  into  their  places,  the 
only  medium  for  absorbing  the  offensive  gases  from  the  decomposing 
dead,  is  the  stratum  of  three  or  four  inches  of  sand  on  the  top  of 
the  coffin  lids.  The  grave  is  not  filled  up  with  earth  until  the 
pile  of  coffins  reaches  to  within  3  feet  of  the  surface  of  the  ground. 
It  remains  an  open  grave,  the  top  of  it  covered  with  a  few  loose 
planks,  sometimes  for  a  week,  sometimes  for  10  days,  or  longer, 
according  to  the  rapidity  with  which  the  supply  of  coffins  comes 
in.  The  gravedigger,  from  whom  I  got  my  information,  admitted 
that  in  the  summer  time  it  was  not  possible  to  keep  down  the 
smell  in  that  part  of  the  graveyard. 

Of  the  extramural  cemeteries,  I  have  looked  at  Sandymount 
and  Dalbetb.  In  Sandymount  the  system  of  filling  up  the  common 
ground  differs,  iu  respect  that  only  one  grave-space  is  dug  at  a  time, 
and  that  tliere  is  no  attempt  at  covering  the  lid  of  the  last  pauper's 
coffin.  One  coffin  is  piled  on  the  top  of  another  until  the  grave  is 
filled  up  to  within  3  feet  of  the  surface,  then,  and  not  till  then, 
the  grave  is  covered  up  and  a  new  grave  dug,  at  the  distance  of 
12  inches,  alongside  the  newly-filled  one.  The  rows  of  piled  coffins 
go  on  increasing  rapidly.  At  the  time  of  my  visit,  two  common 
graves  were  open,  one  of  them  waiting  its  last  occupant,  and  the  other 
jiwt  ready  to  be  filled.  These  graves  were  estimated  to  accommo- 
date 5  adult  coffins,  or  a  much  larger  number  of  children.  At 
Dalbeth  burying  ground  a  large  ai*ea  is  already  filled  with  burial- 
pits  of  larger  size  and  more  numerous  occupants.  Last  week  I 
saw  a  new  pit  opened  on  the  slope  of  the  grotmd  near  the  river. 
The  soil  was  damp  clay.  The  pit  measured  1\  feet  square  and  12 
feet  deep.  At  the  time  of  my  visit,  it  contained  about  10  or  12 
adult  coffins  and  a  large  number  of  little  ones.  The  coffins  were 
lying  in  the  bottom  of  this  damp  clay-hole,  quite  uncovered,  not 
even  boarding  on  the  top  of  it,  and  I  was  informed  that  it  would 
remain  so  until  it  was  built  up  to  within  3  feet  of  the  8ur£BU)e, 
when  it  would  probably  contain  about  30  adult  coffins  and  as 
many  children's.  Already,  at  the  time  of  my  visit,  the  smell  from 
the  decomposing  corpses  had  become  very  disagreeable,  in  fact  the 
whole  neighbourhood  of  the  pit  smelt  badly.  Although  not  usually 
very  sensitive  to  such  smells,  the  very  funeral  undertakers  cry  out 
againat  it)  and  yet  the  funeral  service  is  read  over  the  edge  of  this 
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mass  of  corruption,  and  priests,  relatives,  and  friends  alike  are  sub- 
jected to  its  unwholesome  and  dangerous  effluvia.  On  the  Sundays 
quite  a  crowd  of  the  lower  orders  of  the  people  gathers  about  the 
place  attracted  by  the  ghastly  spectacle  £ind  undeterred  by  the  evil 
odours  of  the  locality,  which  in  summer  are  most  offensive  and 
dangerous  to  health. 

This  system  of  disposing  of  the  dead  en  masse  is  not  confined  to 
these  cemeteries.  It  is  carried  out,  perhaps  not  so  offensively,  but 
by  similar  methods,  in  all  the  cemeteries  of  Glasgow  which  sell 
common  ground  to  the  poor.  If  they  do  not  bury  in  pits,  they  bury 
in  indiscriminate  piles.  Most  of  them,  I  believe,  do  put  a  little 
earth  over  the  last  cofBn  interred,  but  none  of  them  conform  in  any 
respect  to  the  regulations  which  the  Government  has  laid  down  in 
the  interests  of  public  health  and  decency.  In  the  cemeteries  of 
Edinburgh,  even  more  insanitary  and  unseemly  conditions  existed 
quite  recently,  and  the  matter  was  investigated  by  the  Health 
Authorities  in  1883.  On  40  or  50  common  graves  being  probed, 
it  was  found  that  from  6  to  24  inches  of  earth  covered  the  top 
coffins,  and  in  one-third  of  the  instances  the  coffins  were  only  6 
inches  below  the  surface.  It  was  said  that  common  graves  were 
often  opened  and  coffins  transferred  without  any  legal  authority, 
and  that  the  ghastly  sight  of  a  coffin  which  had  lain  in  the  ground 
for  some  time  being  carried  across  to  a  new  cemetery  was  no 
uncommon  spectacle.  These  methods  of  treating  the  bodies  of  the 
poor  would  not  be  tolerated  in  any  other  country  in  Europe.  In 
view  of  such  facts,  it  is  no  wonder  that  when  strangers  come  here 
and  see  our  methods,  they  say  that  we  bury  our  poor  like  dogs  in 
Scotland.  Around  us  on  every  side  are  tracts  of  land  saturated 
with  masses  of  putridity,  which  will  one  day  be  surrounded,  and 
perhaps  covered,  by  dwellings,  to  whicli  the  words  of  Mrs.  Browning 
may  be  applied  with  literal  accuracy : — 

"  The  world  we're  come  to  late  is  swollen  hard 
With  perished  generations  and  their  sins ; 

The  civiliser's  spade  grinds  horribly 
On  dead  men's  bones,  and  caouot  turn  up  soil 

That's  otherwise  than  fcetid." 

What  has  happened  in  the  past  ought  to  be  a  warning  to  us  in  the 
present  In  1849  burial  pits  were  opened  in  vacant  ground  some 
distance  behind  the  Glasgow  Koyal  Infirmary.  In  these  pits  were 
interred,  in  masses,  the  bodies  of  those  who  died  of  the  cholera 
epidemic  of  that  year.     In  1861  the  new  surgical  d«^H\fiL<^\!^  ^1 
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the  Royal  Infirmary  was  built  on  the  edge  of  one  of  these  old 
cholera  pits.  The  site  was  praised  at  the  time  as  a  fine,  open, 
healthy  site.  The  persons  who  chose  it  had  evidently  forgotten 
about  the  mass  of  putrifying  matter  that  lay  beneath  its  surface. 
The  result  might  have  been  predicted  with  certainty  from  the  well- 
authenticated  case  of  a  Parisian  hospital  which  had  suffered  from 
being  built  in  a  similar  proximity  to  a  graveyard.  Hospital 
gangrene  and  pyaemia  broke  out  among  the  patients.  These 
diseases  became  so  common  that  one  of  the  surgeons  protested 
against  being  compelled  to  treat  his  patients  under  these  conditions, 
and  threatened  to  resign  unless  something  was  done  to  purify  the 
soil  beneath  his  wards.  The  managers  were  compelled  in  1867  to 
dig  into  this  cholera  pit,  and  destroy  and  deodorise  the  undecom- 
posed  remains  with  quick-lime  and  other  chemical  agents. 

At  a  recent  sanitary  congress,  Mr.  Baldwin  Latham,  C.£.,  stated 
that,  while  cutting  a  sewer  in  ground  adjoining  the  Lambeth  Parish 
Cemetery,  not  far  from  the  spot  where  paupers  were  buried  in  thin 
cofiins,  the  work  of  the  men  was  interrupted  by  a  black  putrid 
stream  which  ran  from  the  graves.  Every  one  of  the  men  engaged 
there  was  afterwards  taken  ill  from  the  evil  effects  of  the  putrid 
ichor  from  dead  bodies  exposed  to  rapid  decomposition.  On  the 
question  of  water-supply,  he  said  it  was  to  him  a  matter  of  regret  to 
see  new  cemeteries  planted  at  places  where  they  would  affect  the 
watersheds  which  gave  supplies  to  large  populations,  and  he  could 
say  that  if  the  people  did  not  suffer  from  this  now  they  would  in 
the  immediate  future. 

Many  other  cases  might  be  mentioned  which  would  exemplify 
the  evils,  present  and  prospective,  of  such  pit-burials.  The  reports 
of  the  Board  of  Health,  already  referred  to,  are  full  of  evidence 
of  this  kind,  but  I  think  I  have  said  enough  on  this  department 
of  my  subject. 

To  sum  up :  By  this  system  of  pit  and  common-grave  burial,  the 
soil  beneath  and  the  air  above  become  tainted  with  the  unwhole- 
some and  poisonous  products  of  decomposition.  The  sewers 
leading  away  the  subsoil  drainage  become  foul,  and  the  streams 
into  which  these  sewers  empty  become  tainted,  not  only  with  the 
products  of  decomposition,  but  also  with  the  germs  of  the 
contagious  diseases.  These  places  are  not  graves,  but  pits  of 
putridity,  and  mines  of  profit  to  the  shareholders.  Whether  they 
exercise  it  or  not,  the  cemetery  companies  reserve  to  themselves  the 
right  to  re-allocate  common  ground  at  the  end  of  ten  years.     The 
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renuuns  of  the  dead  mar  be  tiirown  aside,  and  the  9oil.  wliicli  has 
been  wiimoved  from  the  remains  of  its  fonner  occapants.  uav  a^n 
be  used  for  the  bonring  of  a  freah  pile  of  oc^ins.  There  mar  be  ik^ 
end  to  thepoUntion  and  no  end  to  the  desecntiou  of  the  graT««  of 
the  poor  under  the  pieaent  r^ime.  Facts  similar  to  those  which  1 
hare  hdd  bef<»e  voa  led  the  Sanitarr  Commissioners  of  IS^O  to 
the  condnsion  that  the  duty  of  sapplying  burial  grounds  should 
be  taken  away  entirely  &om  commercial  bodies,  and  rested  in  the 
state  They  say — **  The  principle  of  applying  the  spirit  of  com- 
mercial  enterprise  to  this  object  is  vicious — it  is  an  object  which 
can  properiy  be  effected  only  by  a  public  authority  deroted  to  the 
nndertaking  and  responsible  for  its  execution,  and  neither  the 
interests  nor  wishes  of  companies,  nor  of  any  private  persons, 
ought  to  be  pennitted  to  endanger  or  obstruct  the  successful  result 
of  an  undertaking  in  the  hands  of  an  appointed  and  responsible 
authority."  Again,  Dr.  Sutherland,  in  his  report  to  these  Com- 
missioners on  intramural  interments,  after  describing  the  shocking 
condition  in  which  he  found  the  intramural  graveyards  in  London, 
says — "The  time  has  surely  come  when  all  trafficking  in  the 
spoils  of  poor  humanity  should  cease,  and  when  the  whole  process 
of  interment  should  be  undertaken  as  a  solemn  and  pious  duty, 
which  society  owes  to  the  remains  of  all  her  members,  however 
exalted  or  however  humble." 

My  first  suggestion  in  the  direction  of  reform  is  that,  as  our 
local  governors  have  failed  to  do  their  duty  in  providing 
cemeteries  for  the  people,  and  have  not  placed  the  cemeteries 
within  their  jurisdiction  under  proper  sanitary  regulations,  the 
Government  should  be  approached,  and  asked  either  to  insert  a 
clause  in  the  proposed  Police  Bill,  placing  these  cemeteries  under 
the  same  regulations  as  those  issued  by  the  Seci*etary  of  State  for 
the  government  of  interments  in  the  burial  grounds  provided 
under  the  Burials  Act;  or  to  frame  a  short  Act  to  amend  the 
Burials  Act,  so  as  to  put  the  private  cemetery  companies  under 
these  regulations. 

Two  fresh  departures  from  our  present  methods  of  disposal  of 
our  dead  have  been  suggested  in  recent  years,  which  are  worthy  of 
consideration  and  discussion.  First — A  modification  of  our  present 
system,  either  by  the  adoption  of  basket  coffins,  coffins  of  com- 
pressed cotton  pulp,  or  shroud-burial  without  enclosure  in  any 
coffin.     Second — Cremation  and  urn-burial. 

In  three  interesting  and  able  letters  addressed  to  the  editor  of 
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the  Times  in  1875,  Mr.  Francis  Haden,  a  London  surgeon,  set 
himself  to  prove  that  the  source  of  all  the  evils  alleged  against 
burial  depended  upon  an  unreasoning  sentiment  which  prompts 
us  to  keep  our  dead  as  long  as  possible  and  then  bury  them  her- 
metically-sealed in  cofBns,  brick  graves,  and  vaults,  so  that  the 
earth  can  have  no  access  to  them.  He  points  out  that  this  is  in 
the  highest  degree  unphilosophical,  since  it  engages  us  in  a  vain 
resistance  to  an  inevitable  dispensation,  and  has  led  us  to  accumu- 
late in  our  midst  a  vast  store  of  human  remains  in  every  stage  and 
condition  of  decay.  He  alleges  that  the  process  of  decomposition, 
which,  under  the  influence  of  the  air  is  putrefaction,  in  the  earth 
is  resolution,  and  that  which  was  offensive  in  the  air  becomes 
inoffensive  in  the  earth. 

Since,  he  says,  the  excreta  of  animals  during  life,  and  their 
bodies  after  death,  must  all  pass  through  a  process  of  decay,  and  in 
new  forms  re-enter  the  atmosphere,  some  provision  must  exist  in 
the  world  by  which  such  a  vast  mass  of  corruption  as  they  repre- 
sent may  do  so  innocuously.  That  provision  exists  in  the  earth. 
Two  distinct  forms  of  decay  are  said  by  Mr.  Haden  to  occur  in 
nature — putrefiEu^tioQ,  which  is  a  change  set  up  between  the 
particles  of  unburied  matter  by  the  air  and  by  water  to  which  it 
is  exposed,  and  by  minute  organisms  which  float  in  the  air  and 
which  obtain  direct  access  to  it;  and  eremacausis,  which  is  the 
scientific  name  for  the  effect  brought  about  by  the  indirect  access 
to  the  buried  body  of  the  same  air  and  the  same  water  winnowed 
of  their  putrescent  elements  by  filtration,  and  chemically  trans- 
formed by  the  force  which  is  known  as  siuface  affinity.  The  first 
gives  lise  to  compounds  offensive  to  the  senses,  the  last  to  carbonic 
acid,  water,  and  ammonia,  the  food  of  plants,  and,  through  the 
agency  of  these  plants,  the  ultimate  purifiers  of  the  air.  Our  aim 
should  therefore  be,  by  the  burial  of  the  body,  to  imitate  this 
eremacausis — to  promote  and  not  to  oppose  it.  The  new  method 
of  inhumation  advocated  by  Mr.  Haden  is  as  follows: — 

'*How,  then,  are  we  to  bury  our  dead]  Clearly,  within  a 
reasonable  time  of  their  dissolution,  and  in  coffins  (if  we  must 
have  coffins)  of  such  a  constriction  as  will  not  prevent  their  reso- 
lution. No  coffin  at  all  would,  of  course,  be  best,  or  a  coffin  of 
the  thinnest  substance  which  would  not  long  resist  the  action  of 
the  earth,  or  a  coffin  the  top  and  sides  of  which  admitted  of 
removal  after  the  body  had  been  lowered  into  the  grave,  or  a  coffin 
of  some  light  permeable  material,  such  as  wicker  or  lattioe-work, 
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open  at  the  top,  and  iilled  in  with  any  fragrant  herbaceous  matters 
that  happened  to  be  most  readily  obtainable.  A  layer  of  ferns  or 
mosses  for  a  bed,  a  bundle  of  sweet  herbs  for  a  pillow,  and  as  much 
as  it  would  still  contain,  after  the  body  had  been  gently  laid  in  it, 
of  any  aromatic  or  flowing  plant  for  a  coverlet — such  a  covering, 
in  short,  as,  while  it  protected  the  body  from  the  immediate  pres- 
sure of  the  earth,  as  effectually  as  the  stoutest  oak,  would  yet  not 
prevent  its  resolution.  I  can  conceive  no  better  form  of  coffin. 
Let  us  emulate,  too,  the  healthy  sentiment  of  those  older  Jews 
who  considei*ed  it  an  indignity  and  an  injury  to  be  refused  prompt 
burial,  and  so  made  an  offence  to  the  living,  and  bury  it  while  it  is 
still  grateful  to  every  sense,  and  while,  if  we  feel  it  an  effort  and  a 
sacrifice  to  part  with  it,  we  may  also  feel  that  we  are  making  that 
effort,  and  submitting  to  that  sacrifice,  in  the  cause  of  the  dead.'' 

In  order  to  carry  out  these  views,  which  were  put  forward  in  a 
most  attractive  form,  a  society  was  instituted  called  "  The  Church 
of  England  Burial  Beform  Association,"  having  for  its  Presidents 
the  Archbishops  of  Canterbury  and  York,  and  under  the  patronage 
of  the  leading  members  of  the  aristocracy  of  England.  The  chief 
reforms  they  advocate  are  economy  in  funerals,  the  disuse  of  crape, 
the  early  interment  of  the  body,  and  the  use  of  perishable  coffins. 
The  coffin  which  they  now  recommend  is  one  made  of  compressed 
cotton  pulp,  and  supplied  by  the  Woking  Cemetery  Company. 
The  honorary  secretary,  the  Rev.  Mr.  Lawrence,  writes — '*If  the 
dead  were  properly  buried  the  evils  now  most  justly  complained 
of  would  not  exist,  and  the  requirements  of  right  feeling  and 
science  would  be  satisfied.  The  Church's  order  for  the  burial  of 
the  dead  provides  such.  Her  use  of  the  words  *  coi7)se,'  *  body,' 
*  earth  to  earth,'  imply  burial  in  the  simplest,  most  speedily 
perishable  coffin  in  the  simple  earth.  This  is  indeed  a  better, 
because  a  more  natural,  form  of  cremation,  called  by  Liebig, 
eremacausis,  slow  cremation,  the  earth  being  in  this  case  the 
crematory.  The  body  is  buried  in  its  own  grave,  and  there  under- 
goes not  mere  decay  but  transformation.  The  earth  as  earth  does 
not  affect  the  body,  but  acts  as  the  porous  medium  between  it  and 
the  air  above.  Through  this  superincumbent  earth  the  air 
descends,  and  resolves  the  body  into  new  and  harmless  products, 
carbonic  acid  and  ammonia,  which  pass  upwards  in  air ;  and  this 
process  continues  for  three  or  four  years,  until  at  last  the  body 
has,  in  a  lower  and  more  immediate  way,  literally  risen  again  and 
become  the  source  of  new  life,  leaving  behind  it  nothing  but  inor- 
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Beth-8han,  and  they  came  to  Jabesh,  and  burnt  them  thera  And 
they  took  their  bones,  and  buried  them  under  the  tamarisk  tree 
in  Jabesh.''  Again,  in  2nd  Chron.  we  read  that  the  dead  body  of 
Asa  was  laid  in  a  bed  filled  with  sweet  odours  and  divers  spices, 
and  a  great  burning  made  for  him.  In  the  same  book  we  find 
that  Josiah  burned  the  bones  of  the  priests  of  Baalam  upon  their 
altars.  Among  the  prophecies  of  Amos,  he  speaks  of  a  time 
when  *^  a  man's  kinsman  shall  take  him  up,  even  he  that  bumeth 
him,  to  bring  out  the  bones  out  of  the  house."  So  the  Jews 
burned  their  dead  in  the  valley  of  Hinnom,  in  a  deep  ditch  filled 
with  wood  and  other  combustibles.  Isaiah  refers  to  it  in  poetical 
language,  and  says,  '*For  Tophet  is  ordained  of  old;  yea,  for 
the  king  it  is  prepared :  he  hath  made  it  deep  and  large ;  the 
pile  thereof  is  fire  and  much  wood  ;  the  breath  of  the  Lord,  like 
a  stream  of  brimstone,  doth  kindle  it."  From  these  passages  it  is 
clear  that  the  Jews  were  perfectly  familiar  with  the  practice  of 
cremation,  and  had  no  objection  to  dispose  of  their  dead  in  this 
manner  when  they  saw  fit  in  times  of  war  or  of  pestilence. 

A  wide-spread  custom  like  cremation  of  the  dead,  which  has 
continued  as  a  common  practice  for  ages  in  all  parts  of  the  world, 
among  savage  tribes  and  civilized  nations,  must  have  had  strong 
grounds  of  utility  for  its  continued  existence.  It  certainly  did 
not  arise  from  mere  philosophic  or  religious  theories.  Probably 
the  first  cause  of  its  origin  was  the  experience  of  the  disagreeable 
and  dangerous  efiects  of  the  emanations  from  putrid  dead  bodies, 
and  in  well- wooded  countries  the  ease  with  which,  by  the  collection 
of  a  little  fuel,  the  cremation  and  purification  of  the  putrid  mass 
could  be  effected.  Another  powerful  incentive  to  cremation  was 
the  protection  of  the  dead  bodies  of  those  who  fell  in  battle  firom 
indignity  and  insult.  The  people  of  ancient  times  were  constantly 
at  war  with  their  neighbours,  and  the  victors  were  in  the  habit  of 
inflicting  the  greatest  indignities  on  the  bodies  of  their  dead 
enemies.  We  are  told  that  the  most  outrageous  insult  that  the 
Egyptians  could  inflict  on  their  enemies  was  to  exhume  their  dead 
and  beat  them  with  rods.  It  was  to  save  the  bodies  of  King  Saul 
and  his  sons  from  any  further  insult  from  the  Philistines  that 
the  valiant  men  of  Jabesh  stole  out  by  night  and  burned  their 
bodies.  When  on  a  warlike  expedition,  the  bodies*  of  their  dead 
were  thus  not  only  protected  from  insult,  but  their  ashes  oould  be 
carried  back  to  their  native  villagea  In  the  same  connection  it  is 
interesting  to  notice  that  the  Greeks  ascribed  the  introduction  of 
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crematioii  to  Hercules,  who,  being  under  the  necessity  of  trans- 
mitting the  body  of  Argius  to  his  fkther,  burned  the  body  and  sent 
him  the  ashes  as  the  only  means  he  could  adopt  to  fulfil  his  promise. 

The  last  general  ground  to  which  I  shall  refer  as  leading 
to  the  continuance  of  the  custom  of  cremation,  was  the  frequent 
oocurrence  of  pestilences  and  the  facts  of  contagion,  with  which 
the  ancients  were  well  acquainted.  The  terror  of  contagion 
naturally  led  to  the  burning  of  the  bodies  of  those  who  died 
from  contagious  maladies.  As  civilization  advanced,  men  came 
under  the  influence  of  philosophical  and  religious  theories,  many 
of  which  favoured  cremation.  Herodotus  advocated  burning  of 
the  dead  in  order  that  their  bodies  might  more  quickly  return 
to  their  constituent  elements.  Heraclitus  advocated  cremation 
because  he  held  that  fire  was  the  all-creating,  all-sustaining 
principle  of  the  universe.  The  followers  of  Odin  believed  that 
heaven  of  heavens  was  fiery,  and  that  the  soul  loosened  from 
the  body  by  this  honoured  element  would  be  most  certainly 
and  expeditiously  conveyed  to  the  seats  of  the  blessed.  They 
were  of  opinion  that  the  honour  with  which  the  person,  whose 
body  was  burned,  would  be  received  into  heaven  would  be  in 
the  ratio  of  the  height  to  which  the  fiame  of  his  funeral  pile 
asoended.  According  to  a  more  philosophic  system  of  belief,  by 
cremation  "the  soul,  readily  disengaged  from  its  prison,  purified  by 
fire,  and  delivered  from  the  burden  of  a  perishable  body,  is  rapidly 
attracted  towards  its  own  sphere,  and  presses  on  to  unite  itself 
with  the  soul  of  the  universe.'' 

The  religious  beliefs  of  the  common  people  have  a  powerful 
influence  in  modifying  the  most  deep-rooted  social  customs.  The 
practice  of  cremation  died  out  in  Europe  with  the  spread  of 
Christianity.  Ignorance  of  the  chemical  processes  which  lead  to 
the  dispersal  of  the  material  elements  of  our  bodies  in  innumerable 
new  forms  of  chemical  combination,  and  their  reorganization  into 
new  forms  of  organic  life,  all  that  is  involved  in  the  wonderful 
revelations  of  modem  chemistry  with  regard  to  the  circulation  of 
matter,  was  to  the  early  Christians  inconceivable.  They  had  a 
firm  conviction  that  the  materials  of  the  body,  although  changed 
in  form  by  the  process  of  corruption,  remained  in  the  spot  in  which 
they  were  laid,  and  from  thence  would  rise  again  at  the  resurrec- 
tion. As  in  Egypt  they  embalmed  the  body  so  that  it  might  be 
ready  for  the  future  state,  so  the  early  Christians  buried  the  body 
that  it  might  be  ready  to  start  up  when  the  last  trumpet  should 
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sound.  In  Rome,  by  the  end  of  the  fourth  century,  the  victory 
of  Christianity  over  Paganism  became  assured,  and  cremation  died 
out  as  a  social  custom.  In  Britain  the  struggle  between  Paganism 
and  Christianity  was  more  prolonged,  and  even  when  Christianity 
became  the  prevailing  religion,  half-converted  Saxons,  as  has  been 
pointed  out  by  Professor  Rolleston,  would  occasionally  relapse  into 
cremation.  Urns  found  with  the  mark  of  the  cross  raised  in  bold 
relief  show  how  tenaciously  the  old  custom  was  adhered  to.  No 
doubt,  while  in  a  minority,  the  priests  would  tolerate  this  practice 
in  deference  to  the  opinions  of  their  Pagan  neighbours  and  their 
weaker  brethren.  But  when  the  Church  became  powerful  enough, 
the  ancient  custom  was  rooted  out  so  completely  that  for  many 
centuries  cremation  was  only  heard  of  as  a  means  by  which 
troublesome  people,  with  advanced  religious  opinions,  were  speedily 
put  to  silence. 

The  revival  of  the  custom  of  burning  the  dead  in  modem  times 
is  due  to  advance  of  sanitary  knowledge  and  the  necessities  of 
the  great  city  populations.  The  pioneers  in  the  advocacy  of  the 
necessity  for  its  revival  have  in  every  country  been  medical  men. 
In  last  century  a  few  cases  of  cremation  are  recorded.  In  1769 
the  body  of  a  Mrs.  Pratt  was,  according  to  her  wishes,  expressed 
before  her  death,  burned  in  the  Tyburn  burying  ground  in  London, 
and  in  1799  M.  Voidel  burned  within  his  residence  the  body  of 
his  child,  in  order  to  place  the  ashes  in  a  golden  urn.  In  the  early 
part  of  this  century  the  most  noted  case  of  cremation  was  that  of 
the  body  of  the  poet  Shelley,  which  was  burned  in  Italy  in  1822 
In  1869  a  project  for  the  revival  of  cremation  was  laid  before  the 
International  Medical  Congress  held  at  Florence  in  that  year.  This 
may  be  said  to  have  been  the  real  starting-point  of  the  modem 
movement ;  and  how  rapidly  the  movement  has  spread  and  taken 
practical  shape  may  be  seen  by  a  glance  at  this  statement  in 
tabular  form  of  the  cremation  societies  and  crematories  which  have 
all  oiiginated  since  1874. 

Societies  which  have  built  Crematories. 

England, 


Italy, 


... 


London, 

1874. 

/Milan, 

1876. 

Ix)di, 

1877. 

Ci'emona, 

1879. 

Udine, 

,, 

Rome, 

t> 

Varese, 

1880. 

Padua, 

>  Brescia,           

ft 

1882. 
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!  Dresden  (Gotha) 1876. 
Berlin, 
Hamburg,        

Washington, 1876. 

United  States, Philadelphia  (Lancaster), 

New  York  (Long  Island), 

Argentine  Republic,     ...  J  Uruguay,  Mexico,  Venezuela,  Valpar- 

I         also. 

It  is  not  possible  in  the  time  at  my  disposal  to  go  into  a  history  of 
this  movement.  Those  who  desire  to  get  the  best  possible  account 
of  it  I  refer  to  the  well-known  book  of  Mr.  Eassie  on  "  Cremation 
of  the  Dead,"  and  to  the  published  transactions  of  the  Cremation 
Society  of  England,  compiled  and  edited  by  Mr.  Eassie.  These 
books  are  easily  obtained  and  are  most  valuable  and  interesting 
reading. 

I  desire,  however,  to  say  a  few  words  about  the  modern  methods. 
The  most  approved  forms  of  crematory  are  the  Gorini  and  the 
Siemens.  The  Grorini  pattern  was  adopted  by  the  Cremation  Society 
of  England,  and  is  now  in  operation  at  Woking,  where  16  bodies 
have  been  cremated  with  the  most  satisfactory  results.  The  pro- 
cess occupies  about  an  hour,  and  the  result  is  six  or  seven  pounds 
of  white  ash.  It  is  said  that  the  entire  remains  of  a  human  body 
only  occupy  a  space  of  about  6  cubic  inches.  Five  crematories 
built  on  the  same  plan  exist  in  Italy. 

A  crematory  of  a  more  imj)osing  kind  was  built  at  Gotha  in 
Germany,  after  a  design  furnished  by  Mr.  Frederick  Siemens  of 
Dresden.  Up  to  the  end  of  1884,  200  bodies  had  been  cremated 
in  the  Siemens  crematory.  It  is  a  very  perfect  apparatus,  but 
more  expensive  than  the  Gorini.  The  plans  of  these  two  forms  of 
apparatus  were  carefully  examined  by  an  eminent  Glasgow  engineer, 
a  member  of  this  Society,*  who  kindly  undertook  to  sketch  a  plan 
for  a  crematory  which  would  be  at  once  efficient  and  inexpensive. 
I  show  you  his  design,  and  shall  read  you  his  description  of  the 
apparatus. 

If  the  Philosophical  Society  should  decide  to  use  its  influence  in 
promoting  a  movement  in  favour  of  the  institution  of  a  crematory 
in  Glasgow,  these  plans  will  no  doubt  receive  a  careful  considera- 
tion from  those  who  are  competent  to  deal  with  engineering  ques- 
tions bearing  upon  cremation.  I  have  already  indicated  my 
reasons  for  holding  the  opinion  that  cremation  is  the  only  scientific 

♦  Mr.  Stephen  Alley,  of  the  Sentinel  Engineering  Works. 
Vol.  XVin.  s 
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and  satisfactory  method  by  which  we  can  at  once  get  rid  of  the 
evils  of  putrefaction,  and  destroy  germs  of  dangerous  contagious 
maladies ;  and  the  shoi*t  account  which  I  have  given  you  of  the 
origin  and  widespread  practice  of  the  custom  shows  that  it  is  a 
process  which  naturally  commends  itself  to  the  human  mind  if 
that  mind  is  not  prejudiced  by  erroneous  opinions. 

I  shall  now  confine  myself  to  a  short  consideration  of  the 
objections  which  have  been  urged  against  the  practice.  Since 
the  trial  of  an  eccentric  "Welsh  surgeon  for  the  burning  of  the 
dead  body  of  his  child  in  1874,  the  objection  that  the  practice 
of  cremation  is  illegal  has  not  again  been  raised.  In  his  charge 
to  the  jury  on  that  occasion,  Mr.  Justice  Stephen  discussed  the 
whole  legal  bearings  of  the  question,  and  in*  the  course  of  his 
remarks  he  said : — "  The  great  leading  i-ule  of  criminal  law  is  that 
nothing  is  a  crime  unless  it  is  plainly  forbidden  by  law.  I  think  that 
to  bum  a  body  decently  and  inoffensively  is  lawful,  or  at  the  very 
least  is  not  criminal.  If  it  is  done  in  such  a  manner  as  to  be 
offensive  to  others  it  is  a  nuisance.  To  bum  a  body  in  such  a 
place,  or  in  such  a  manner,  as  to  annoy  persons  passing  along  public 
roads  or  other  places  where  they  have  a  right  to  go  is  beyond  all 
doubt  a  nuisance."  On  this  ruling  Mr.  Price  was  acquitted,  and 
since  that  time  the  Cremation  Society  of  England,  as  already 
mentioned,  have  cremated  16  bodies  in  the  crematory  at  Woking. 
The  legal  objection  which  was  stated  a  few  years  ago  has,  there- 
fore, been  removed. 

A  variety  of  sentimental  and  theological  objections  which  were 
strongly  urged  a  few  years  ago  are  fast  disappearing.  The  one 
objection  which  is  still  strongly  urged  by  the  opponents  of 
cremation  is  that  its  general  adoption  would  facilitate  secret 
poisoning.  There  is  certainly  a  danger  in  this  direction  if 
cremation  is  not  guarded  by  some  regulations  under  the  authority 
of  an  Act  of  Parliament  of  the  nature  contemplated  by  Dr. 
Cameron  in  his  Disposal  of  the  Dead  Regulation  Bill.  This 
Bill  was  drafted  for  the  purpose  of  affording  some  additional 
guarantee  for  the  detection  of  foul  play  before  ordinary  burial 
or  cremation;  but  it  was  specially  intended  to  remove  an  objection 
to  cremation,  and  was  most  ably  advocated,  not  only  by  Dr. 
Cameron,  but  also  by  such  men  as  Dr.  Farquharson  and  Sir  Lyon 
Playfair.  Sir  Lyon  Playfair  is  reported  to  have  stated  in  his 
speech  on  that  occasion  that  "secret  poisonings  were  of  two 
kinds,  one  by  metallic  and  one  by  organic  poison.    Both  cremation 
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and  burial  were  "  he  said  '*  equal  in  their  effects  on  organic  poisons 
{%,€,  they  disappeared  so  that  no  trace  was  left  in  the  body  which 
could  be  detected  by  chemical  analysis),  but  metallic  poison  would 
generally  be  left  in  the  ashes,  with  the  exception  of  arsenic.  The 
benefit  to  the  living  would,"  in  his  opinion,  "  be  so  great  under 
cremation,  as  compared  with  the  present  method  of  disposal  of  the 
dead,  that  any  occasional  miscarriage  of  justice  would  be  but  as 
a  drop  in  the  ocean.''  As  a  distinguished  chemist.  Sir  Lyon 
Playfair's  opinion  is  worthy  of  attention.  Dealing  with  the 
same  point.  Dr.  Farquharson  said,  **  Much  had  been  made  of 
possible  medico-legal  difficulties,  and  it  must  be  allowed  that  a 
very  slight  and  infrequent  source  of  danger  might  thus  arise, 
totally  insufficient,  however,  to  counterbalance  the  benefits  derived 
by  the  community  at  large  by  the  more  speedy  disposal  of  the 
dead.  As  Sir  Henry  Thompson  pointed  out,  in  doubtful  cases 
portions  of  the  stomach  and  liver  might  be  preserved  for  future 
analysis,  and  of  course  many  metallic  poisons  could  be  readily 
detected  in  the  ash." 

Then  Dr.  Cameron  said,  "  So  far  as  the  destruction  of  evidences 
of  poisoning  is  concerned,  the  difference  between  cremation  and 
inhumation  is  simply  one  of  degree.  As  to  mineral  poisons,  direct 
experiments  instituted  by  M.  Cadet,  and  repeated  by  MM. 
Dourvault  and  Wurst,  have  proved  that  the  salts  of  arsenic  and 
all  other  metallic  poisons,  except  mercury,  which  is  completely 
volatilised,  can  be  detected  in  the  ashes  after  cremation.  As  to 
organic  poisons,  most,  if  not  all  of  them,  are  destroyed  by 
putrefactioD,  though  of  course  more  slowly  than  by  fire.  But 
what  is  wanted  to  ensure  their  detection  is  prompt  verification  of 
the  cause  of  death,  and  the  system  which  I  propose  would  afford 
an  infinitely  better  chance  of  that  than  anything  contained  in  our 
present  burial  laws.  As  to  the  poor  and  ignorant  poisoner,  the 
regulation  of  cremation,  as  I  suggest,  would  afford  an  infinitely 
better  chance  of  his  detection  than  its  prohibition  ;  and  as  to  the 
rich  and  skilful  criminal,  it  is  childish  to  think  of  baffling  him  by 
prohibiting  cremation,  so  long  as  you  permit  him  to  remove  the 
viscera  of  his  victim,  and  preserve  him  by  the  aid  of  arsenic  and 
corrosive  sublimate  under  pretence  of  embalming  his  remains. 
It  is  childish  to  think  that  any  law  can  place  an  effective  obstacle 
in  his  path,  so  long  as  you  permit  him  to  transport  the  body  of 
his  victim  to  foreign  countries,  in  order  that  he  may  there  bury  or 
bum  him  altogether  uncontrolled  by  your  laws."    On  reading  these 
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statements,  there  seemed  to  me  great  improbability  in  the  assertion 
that  the  salts  of  arsenic,  and  of  all  other  metallic  poisons  except 
mercury,  would  remain  after  exposure  to  a  temperature  ranging 
from  1,400  to  2,000  degrees  F.  We  know  that  arsenic  vaporizes 
at  370  F.,  mercury  at  660  F.,  antimony  and  zinc  at  a  bright 
red  heat,  and  lead  at  a  white  heat.  So  that  we  would  expect  that 
these  metallic  poisons  would  disappear  in  the  process  of  cremation. 
The  salts  of  these  metals  are  usually  reduced  to  the  metallic  state 
when  heated  to  the  proper  point  in  contact  with  charcoal,  we 
would  therefore  expect  them  to  behave  like  the  metals  them- 
selves when  subjected  to  the  heat  of  the  crematory  furnace  in 
a  human  body.  In  order  to  put  this  to  the  test,  I  performed  some 
experiments — First,  I  cremated  in  an  asbestos  box  the  dead  body 
of  a  cat,  weighing  7  pounds,  in  the  furnace  of  an  engineering  works, 
which  was  used  for  softening  brass  plates.  The  temperature  was 
estimated  at  about  1,400  F.  Before  cremation,  I  injected  into  the 
abdomen  of  this  dead  cat  a  mixture  of  5  grains  of  arsenious  acid 
with  5  grains  of  corrosive  sublimate  in  a  little  water,  and  into  its 
pleural  cavity  5  grains  of  tartrate  of  antimony.  I  show  you  the 
remains  of  the  asbestos  box,  which  began  to  crack  in  a  few  minutes 
after  its  introduction,  and  in  |  of  an  hour,  when,  the  cremation  of  the 
cat  was  completed,  it  was  reduced  to  the  ruin  which  you  see.  I 
sent  the  ashes  of  the  cat,  which  were  so  mixed  with  the  debris  of  the 
asbestos  that  I  did  not  attempt  to  separate  them,  to  my  friend 
Dr.  Milne,  lecturer  on  chemistry  in  the  Royal  Infirmary  School  of 
Medicine,  who,  after  careful  search  by  the  usual  chemical  tests,  failed 
to  detect  any  trace  either  of  the  arsenic,  of  the  corrosive  sublimate,  or 
of  the  antimony.  I  next  cremated  the  dead  body  of  a  dog  weighing 
20  pounds.  Into  the  abdomen  of  this  dog  I  injected  a  mixture  of 
40  grains  of  subacetato  of  copper,  and  into  its  pleural  cavity  a 
similar  amount  of  acetate  of  lead.  It  was  placed  in  an  earthen- 
ware vessel  and  exposed  for  12  hours  to  the  heat  of  a  pottery  kiln, 
estimated  by  the  manager  at  about  1,800*  F.  After  this  exposure, 
the  bones  still  retained  their  shape,  but  were  so  brittle  that  they 
could  be  pulverised  with  the  fingers.  Some  of  the  bones  were 
found  on  removal  from  the  kiln  to  be  deeply  stained  by  the  copper. 
The  bones  and  ash  were  subjected  to  analysis  by  Dr.  Milne,  who 
discovered  abundant  evidence  of  the  presence  of  both  copper  and 
lead.  I  was  informed  that  in  forming  alloys  of  copper,  antimony 
was  sometimes  used  as  one  of  the  alloys,  and  that  although  sub- 
jected to  a  temperature  of  2,000*  F.,  which  is  about  the  melting 
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point  of  copper,  it  did  not,  under  these  circumstances,  sublime.  I 
therefore  tested  the  behaviour  of  a  mixture  of  arseniate  of  copper 
mixed  with  tartrate  of  antimony,  under  the  conditions  of  cremation. 
I  injected  into  the  abdomen  of  a  dead  rat  weighing  5^  ounces  a 
mixture  of  5  grains  of  each  of  these  substances,  and  cremated  it  in 
an  earthenware  plate  in  a  domestic  stove.  The  stove  was  heated 
to  a  bright  red  heat,  and  in  20  minutes  the  rat  was  completely 
cremated.  The  ashes  weighed  ^  of  an  ounce.  On  testing  these 
ashes  Dr.  Milne  could  find  no  trace  of  the  arsenic  but  abundant 
traces  of  antimony  with  the  copper  deposited  on  the  bones.  It  is 
apparent  from  these  experiments  that  arsenious  acid,  coiTOsive 
sublimate,  and  tartrate  of  antimony,  the  three  most  common,  and 
therefore  most  important  mineral  poisons,  disappear  from  a  body 
under  the  conditions  of  cremation,  and  are  not  to  be  detected  in 
the  ashes.  But  in  the  presence  of  copper  antimony  and  lead 
remain,  while  even  in  the  presence  of  copper  arsenic  disappears. 

Although  from  the  result  of  these  experiments,  and  from  a 
consideration  of  the  well-known  chemical  2)roperties  of  poisons,  I 
am  quite  prepared  to  admit  that  all  the  most  important  and 
commonly  used  poisons  disappear  and  leave  no  trace  in  the 
cremated  ashes,  I  hold  with  Dr.  Cameron  and  the  supporters  of 
his  Bill,  that  means  can  be  adopted  which  will  make  the  com- 
munity safer  from  secret  poisoning  under  cremation  than  it  is  at 
present  under  inhumation  of  its  dead.  The  only  other  objection 
which  I  shall  refer  to  on  this  occasion  is  that  urged  by  such  men 
as  Professor  Bolleston,  antiquarians,  anatomists,  and  pathologists. 
They  object  that  cremation  would  destroy  interesting  pathological 
specimens,  and  so  would  prevent  our  remote  descendants  from 
knowing  what  kind  of  people  their  predecessors  were. 

It  is  quite  sufficient  answer  to  this  objection  that  even  when 
cremation  is  anxiously  desired,  as  by  the  poor  Hindoos,  a  large 
proportion  of  the  dead  are  inhumed  for  economic  reasons.  The 
Hindoos  can  bury  for  two  rupees,  and  they  cannot  burn  for  less 
than  double  that  amount.  Cremation  can  only  be  carried  out 
cheaply  on  the  large  scale  in  our  great  cities.  There  will,  there- 
fore, be  plenty  of  material  left  for  our  remote  descendants. 

In  conclusion,  I  would  suggest  that  in  order  to  carry  out  the 
reforms  on  our  present  methods  of  burial,  which  I  have  sketched 
out  roughly  and  imperfectly  in  this  paper,  a  society  should  be 
started  in  Glasgow  to  be  called  "The  Scottish  Burial  Eeform 
Association."     T&at  this  society  should  have  four  very  definite 
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objects:  First — To  call  upon  the  local  authorities  at  once  to 
remove  from  among  us  the  scandal  of  pit-burials,  which  leads 
strangers  who  come  to  Glasgow  and  see  our  methods  of  interment 
to  say  that  we  bury  our  poor  like  dogs  in  Scotland.  Second — ^To 
seek  the  necessary  legislative  amendment  of  the  Burials  Act, 
which  will  place  private  cemetery  companies  under  its  regulations. 
Third — To  advocate  economy  in  funerals,  and  the  adoption  of 
perishable  coffins.  Fourth — To  secure  the  erection  of  crematories 
in  our  large  cities,  and  their  proper  regulation. 

If  you,  gentlemen,  are  satisfied  that  the  facts  which  I  have 
stated  warrant  an  active  movement  in  favour  of  reform,  I  would 
suggest  that  this  whole  question  of  burial  reform  should  be  remitted 
to  the  Council  of  the  Sanitary  and  Social  Economy  Section  for 
consideration,  with  powers  to  take  such  action  on  behalf  of  the 
Society  as  the  Council  may  deem  advisable  in  the  social  and 
sanitary  interests  of  the  community. 


PROPOSED  CREMATING  FURNACE. 

Plate  VI. 

Fig.  1. — LoDgitndinal  section  through  furnace. 

Fig.  2. — Cross  section  of  furnace,  showing  the  crematory  tray  placed  in 
the  furnace,  the  outer  door  of  furnace  being  closed  down. 

Fig.  3. — Cross  section  of  furnace,  showing  crematory  tray  being  placed  in 
position  or  removed  by  means  of  a  carriage  provided  with  prongs  that  are 
free  to  pass  under  the  crematory  tray  at  four  places,  G,  G,  G,  G. 

The  furnace  is  of  the  same  class  as  is  used  for  heating  iron  for  forging 
purposes.  The  fire  (A)  is  at  one  end,  and  the  products  of  combustion  are 
principally  consumed  in  the  body  of  the  furnace  (B),  where  the  crematory 
tray  (C)  is  placed ;  the  waste  gases  are  carried  away  through  the  throat  (D), 
and  may,  if  desired,  be  passed  through  a  clear  fire  (E)  before  being  carried 
off"  by  the  chimney  (F). 

The  body  to  be  cremated  is  placed  in  the  tray  (C)  on  the  projecting 
prongs  (J)  of  the  car  (K),  when  it  is  at  some  distance  from  the  furnace 
mouth.  The  weight  of  the  tray  and  body  is  balanced  by  the  back  balance 
weight  (L)  fixed  to  the  bottom  of  the  car.  After  the  last  ceremony,  the 
furnace  door  (H)  is  lifted,  the  cremating  tray  run  in,  and  the  projecting 
prongs  are  lowered  by  means  of  the  hand  wheel  on  the  end  of  the  carriage, 
which  is  then  drawn  back,  the  door  of  the  furnace  lowered,  and  the  body 
to  be  cremated  left  in  the  tray  in  the  position  shown  in  Fig.  2.  It  ia  pro- 
posed to  make  the  crematory  tray  of  fire-clay  of  the  same  quality  as  is  used 
for  gas  retorts.  After  cremation  the  tray  is  withdrawn  containing  the 
ashes,  which  can  be  collected. 

Such  a  furnace,  if  made  without  any  ornamental  facings,  should  be 
constructed  for  about  £150  to  £160,  including  the  carriage.  When  onoe 
heated  the  cost  of  maintaining  the  heat  will  be  about  00.  per  hour. 
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XXII. — Th€  late  Robert  Gray,  T.P.,  R.S.E.,  Corresponding 
Member.     By  J.  B.  Murdoch,  F.RPh.S.E. 


[Commnnicated  to  the  Society,  4th  May,  1887.] 


When  we  take  into  consideration  the  innate  love  for  animated 
nature  in  all  its  attractive  forms  which  is  common  to  humanity,  it 
is  a  matter  for  wonder  that  so  few  men,  comparatively,  take  up 
the  systematic  study  of  any  of  the  branches  of  natural  history, 
and  that  there  are  still  fewer  who  attain  anything  like  eminence 
in  their  investigations.  Of  those  who  have  devoted  their  attention 
to  Scottish  ornithology  our  late  respected  corresponding  member, 
Robert  Gray,  had,  many  years  ago,  reached  the  front  rank,  and 
I  think  it  is  therefore  only  right  that  a  short  memorial  notice 
of  him  should  be  brought  before  the  members  of  the  Philosophical 
Society.  As  a  boy  he  was  passionately  fond  of  living  creatures, 
particularly  birds— a  love  which  time  only  served  to  deepen;  and, 
perhaps,,  to  this  early  fondness  may  be  traced  his  great  enthusiasm 
for  bird-life  whenever  and  wherever  he  came  in  contact  with  it. 

Robert  Gray  was  bom  at  Dunbar  on  the  15th  of  August,  1825, 
having  thus  at  the  time  of  his  death  reached  his  sixty-second  year. 
On  leaving  school  he  entered  the  service  of  the  City  of  Glasgow 
Bank  under  the  agent  in  his  native  town,  and  remained  there  till 
about  the  age  of  twenty,  when  he  was  promoted  to  a  post  in  the 
headquarters  of  the  bank  at  Glasgow.  Here  he  gained  the  respect 
and  goodwill  of  his  superiors,  quickly  passing  through  the  various 
grades  of  work  until  he  received  the  appointment  of  inspector  of 
branches,  and,  latterly,  the  managership  of  the  bank's  West-end 
Branch.  About  the  year  1874  he  was  offered  and  accepted  the 
post  of  inspector  of  branches  in  the  Bank  of  Scotland,  which 
involved  his  removal  from  Glasgow  to  Edinburgh.  In  1882  the 
directors  appointed  him  cashier,  and  this  responsible  position  he 
occupied  at  tb**  time  of  his  death,  on  the  18th  of  February  last 

When  I  fir»»;  made  his  acquaintance,  in  1851,  Robert  Gray  was 
one  of  the  tellers  in  the  Head  Office  of  the  City  of  Glasgow  Bank, 
in  Miller  Street,  his  next  neighbour  and  co-teller  being  William 
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Sinclair,  an  admirable  sketcher  of  bird-life,  who  afterwards  drew 
the  illustrations  for  the  "  Birds  of  the  West  of  Scotland."  At 
that  time  all  his  spare  hours  were  given  to  natural  history,  for, 
although  ornithology  came  first,  botany  and  conchology  interested 
him  deeply.  Even  geology  was  not  forgotten,  as  we  shall  see, 
although  it  was  not  until  a  much  later  period  of  his  life  that  he 
devoted  special  attention  to  its  study. 

There  being  at  that  time  in  Glasgow  no  society  devoted  to  the 
study  of  the  natural  sciences,  Mr.  Gray  called  a  meeting  of  a  few 
friends  interested  in  it  on  the  2nd  of  July,  1851.  This  gathering 
resulted  in  the  formation  of  the  Natural  History  Society  of 
Glasgow,  Robert  Gray  being  chosen  secretary;  and  this  post  he 
continued  to  hold  till  1871,  when  increasing  official  duties  com- 
pelled his  resignation.  It  cannot  be  gainsaid  that  under  his 
management  this  society  became  a  powerful  agent  in  promoting 
the  pursuit  of  ornithology  in  the  West  of  Scotland,  a  position 
which  for  years  after  his  retiral  it  continued  to  hold. 

It  may  be  interesting  to  note  here  the  names  of  the  gentlemen 
— nine  in  number — who  attended  this  preliminary  meeting,  several 
having  been  active  members  of  the  Philosophical  Society,  while 
all,  with  only  two  exceptions,  have  now  passed  over  to  the 
majority.  They  were — Dr.  W.  B.  Lorrain,  William  Gourlay, 
Thomas  Gray  (alive),  William  Ferguson  (of  Kinmundy,  alive), 
James  P.  Fraser,  Robert  Gray,  John  Gray,  Thomas  Ferguson, 
and  Archibald  Gray.  About  a  week  later  Dr.  Hugh  Colquhoun 
and  William  Keddie  were  enrolled;  while  very  shortly  afterwards 
Sir  (then  Mr.)  Michael  Connal  and  the  present  writer  became 
members. 

During  the  whole  period  of  Robert  Gray*s  secretaryship,  which 
extended  to  twenty  years,  the  minutes  of  meetings  of  the  Natural 
History  Society  bear  evidence  of  the  great  amount  of  material 
which  he  laid  before  the  meetings,  many  of  the  subjects  involving 
very  considerable  investigation  and  research.  One  of  the  most 
noteworthy  of  these  was  an  exhaustive  paper  on  "The  Birds 
of  Ayrshire  and  Wigtownshire,"  a  number  of  the  observations 
recorded  in  it  being  made  by  his  father-in-law,  Mr.  Thomas  Ajider- 
son,  of  Girvan.  In  its  concluding  sentences  the  author  strongly 
urged  the  necessity  of  some  legal  protection  for  land-birds,  the 
law  having  already  recognised  the  fact  that  sea-fowl  were  not  to 
be  driven  out  of  existence  by  thoughtless  shooters;  and  he  urged 
it  not  on  mere  sentimental  grounds^  but  on  economic  ones,  holding 
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strongly,  as  he  did,  that  almost  all  birds  were  much  more  useful 
to  the  farmer  than  they  were  harmful.  I  am  happy  to  say  that 
Mr.  Gray's  views  on  this  subject  became  generally  accepted,  and 
that  a  few  years  ago  a  close  time  for  all  birds — from  1st  March  to 
1st  August — was  enacted  by  Parliament.  This  modified  protection 
is  now  undoubtedly  benefiting  the  feathered  tribes,  without,  so 
far  as  I  can  learn,  injuring  agriculturists.  In  connection  with 
this  subject  it  may  be  stated  that,  consequent  upon  various  visits 
he  paid  to  Ailsa  Ci'aig  for  the  purpose  of  studying  the  habits  of 
its  bird  population,  Mr.  Gray  publicly  expressed  strong  views  as 
to  the  impolicy  and  cruelty  of  the  indiscriminate  slaughter  of  the 
sea-fowl  which,  and  more  especially  at  their  breeding  time,  the 
lessee  of  the  rock  engaged  in.  A  correspondence  in  the  Times 
with  the  Marquis  of  Ailsa  ensued,  the  primary  result  being  that 
Mr.  Gray  was  forbidden  to  set  foot  again  upon  the  "  Craig" — 
a  prohibition  which  was  never  removed,  at  least  he  told  me  so  in 
1885.  The  public  remonstrances  had,  however,  some  effect,  and  I 
believe  that  the  practices  complained  of  were  departed  from,  or  at 
least  relaxed. 

As  was  naturally  to  be  expected,  all  this  accumulation  of  facts 
and  figures  regarding  birds  and  bird-life  became  too  valuable,  and 
of  too  much  interest  to  a  wide  circle  of  naturalists,  to  be  left  in 
an  tmdigested  state,  and,  consequently,  in  1871  appeared  the  well- 
known,  and  highly  esteemed,  "Birds  of  the  West  of  Scotland,"  a 
handsome  octavo  volume,  which,  originally  issued  to  subscribers 
at  7a  6d.,  has  become  so  "  scarce,''  in  booksellers'  parlance,  as  to 
command  from  40s.  to  50s.  per  copy.  I  seed  hardly  add  that  since 
its  publication  it  has  been  the  accepted  text-book  of  Scottish 
ornithology. 

Robert  Gray  was  a  delightful  correspondent,  and  his  letters 
were  brimming  with  interest,  while,  as  in  his  papers,  touches  of  a 
pawkie  humour  were  constantly  to  be  met  with.  The  range  of  his 
correspondence  was  very  wide,  for  in  the  days  of  his  inspectorship 
of  branch  banks  he  had  become  acquainted  with,  generally  speaking, 
every  bird  observer  in  the  country.  To  this  circumstance  must  be 
attributed  much  of  the  wealth  of  material  embodied  in  his  book 
just  spoken  of,  for  no  sooner  was  a  rare  or  unknown  bird  seen  or 
procured  anywhere  than  he  was  sure  to  hear  of  it,  and,  most 
probably,  to  acquire  it. 

On  leaving  Glasgow  to  take  up  his  residence  in  Edinburgh,  Mr. 
Gray,  as  a  mark  of  respect,  was  elected  a  coxre^i^ni^m^  \xi^\s^v^T 
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of  this  Society,  and  also  an  honorary  member  of  the  Natural 
History  Society,  and  he  speedily  became  a  fellow  of  the  Koyal 
Society  of  Edinburgh,  and  the  Royal  Physical  Society  of  Edin- 
burgh. The  latter  had  almost  fallen  into  a  moribund  state,  but 
our  friend  became  its  secretary,  and  his  efforts  to  revive  its  droop- 
ing energies  were  crowned  with  such  a  measure  of  success,  that  in 
a  comparatively  short  time  it  began  a  renewed  state  of  existence, 
assuming  that  condition  of  activity  and  prosperity  which  it  still 
enjoys.  Much  of  the  ornithological  work  which  used  to  find  an 
outlet  in  Glasgow  has,  during  the  last  few  years,  been  diverted  to 
the  meetings  and  Traiisactions  of  the  Royal  Physical  Society.  Of 
the  Royal  Society,  Mr.  Gray  was,  for  several  years  before  his 
death,  a  vice-president,  a  distinction  to  which  his  attainments, 
as  well  as  his  unfailing  tact  and  bonhomie,  eminently  entitled  him. 
The  last  session  of  the  society  he  closed  with  an  appropriate 
address,  and  up  to  almost  the  last  few  meetings  there  was  hardly 
one  that  did  not  see  his  genial  and  welcome  presenca 

During  the  last  seven  or  eight  years  of  Robert  Gray's  life  in 
Edinburgh  he  had  been  preparing,  in  conjunction  with  Mr. 
William  Evans,  of  the  Scottish  Widows*  Fund,  for  the  publica- 
tion of  a  work  upon  "  The  Birds  of  the  Basin  of  the  Forth."  As 
the  materials  grew  so  did  the  scope  of  the  volume,  and  his  latest 
intention  was  to  make  it  embrace  the  East  of  Scotland  generally. 
I  am  glad  to  learn  that  the  data  were  practically  completed  before 
his  death,  and  thai  Mr.  Evans  intends  to  finish  and  publish  the 
joint  work. 

Mr.  Thomas  Anderson,  of  Girvan,  his  father-in-law,  besides 
being  a  bird  observer,  had  long  been  a  collector  of  the  Silurian 
fossils  of  his  neighbourhood,  and  his  daughter  doubtless  inherited 
similar  tastes.  For  a  number  of  years  past  Mr.  and  Mrs.  Gray  and 
their  family  were  in  the  habit  of  spending  the  summer  vacation 
in  or  near  Girvan,  and  they  devoted  themselves  to  working  out 
the  paleeontology  of  the  district.  This  resulted  in  the  formation 
of  such  an  important  collection  that  the  Royal  Society  of  London 
made  a  grant  of  money  to  defray  a  portion  of  the  cost  of  its 
description  and  illustration.  The  work  was  taken  in  hand  for  a 
time  by  Professor  Alleyne  Nicholson,  of  Aberdeen,  and  Mr.  Robert 
Etheridge,  jim.,  of  the  British  Museum,  three  large  and  hand- 
somely-illustrated parts  being  issued.  The  authors  have,  however, 
been  unable,  from  want  of  time,  to  proceed  further,  and  the 
publication  remains  at  present  in  an  unfinished  condition,  though 
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it  is  to  be  hoped,  for  the  sake  of  science,  that  the  numerous 
undescribed  forms  the  Gray  collection  contains  will  ere  long  find  a 
competent  describer  and  illustrator. 

Notwithstanding  his  busy  official  life  and  his  scientific  pursuits, 
Mr.  Gray  found  time  to  take  an  active  part  in  the  relief  of 
distressed  and  unbefriended  genius,  and  many  a  case  might  be 
quoted  to  show  his  generous  and  unselfish  assistance. 

Take  him  all  in  all,  he  was  an  active,  kindly,  high-souled 
worker,  such  an  one  whose  removal  from  amongst  us  makes  every 
one  the  poorer — a  man  with  many  friends  and  no  enemies. 

Mr.  Gray  is  survived  by  a  widow,  two  sons,  and  two  daughters, 
most,  if  not  all,  of  whom  inherit  his  artistic  and  scientific  tastes. 
May  I  suggest  that  a  vote  of  condolence  with  Mrs.  Gray  and  her 
family  might  be  passed  by  the  Society,  and  an  extract  from  the 
minutes  forwarded  to  her  by  the  secretary] 


284  Philosophical  Society  of  Glasgow, 


XXIII. — On  the  Reducing  Action  of  Hydrogen  in  presence  of 
Platinum.     By  Stephen  Cooke,  F.C.S. 


[Read  before  the  Society,  4th  May,  1887.] 


Several  years  ago  I  made  some  experiments  on  the  action  of 
hydrogen  on  solutions  likely  to  be  reduced  by  this  gas. 
With  hydrogen  alone,  however,  in  most  cases  no  action  was 
observed.  It  then  occurred  to  me  that  the  action  might  be  pro- 
moted by  the  presence  of  finely  divided  platiniun ;  for  although 
the  action  of  this  substance  is  so  well  known  in  bringing  about  the 
combination  of  gases  with  each  other,  it  has  not,  as  far  as  I  am  aware, 
been  much  used  to  bring  about  or  accelerate  the  action  between 
gases  and  liquids.  Gladstone  and  Tribe  {Joum,  Chem.  Soc^ 
xxxiii.  306,  1878)  have  shown  that  hydrogen  occluded  by  finely 
divided  metals  is  analogous  to  nascent  hydrogen.  The  same  con- 
clusion may  be  drawn  from  the  results  of  my  own  experiments, 
which  were,  however,  made  in  a  somewhat  different  manner,  and 
were  rather  more  extended  than  those  of  the  above-mentioned 
chemists. 

Most  of  my  experiments  were  made  in  tubes  closed  at  one  end,  and 
from  300  to  400  mm.  in  length,  and  about  15  mm.  in  diameter.  A 
piece  of  platinum  foil  as  long  as  the  tube,  and  of  such  a  width  as 
to  pass  freely  into  it,  is  placed  in  the  tube,  and  kept  in  its  place 
by  a  wire  passing  through  the  closed  end,  and  projecting  a  few 
millimetres  from  it.  The  foil  can  be  coated  with  platinum  black 
by  electrolysis,  and  the  coating  can  be  readily  renewed,  without 
removing  the  foil,  by  filling  the  tube  with  platinic  chloride,  and 
connecting  the  wire  passing  through  the  sealed  end  with  the  zinc 
end  of  a  battery,  the  other  pole  being  a  wire  passing  through  a 
bit  of  small  glass  tube  and  projecting  a  little  from  the  closed 
end. 

Platinum  foil  so  prepared  gradually  loses  its  activity  or  power 
in  brmging  about  combination.     Between  hydrogen  and  liquids  this 
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loss  of  activity  for  the  most  part  merely  results  in  a  slower  action, 
the  nature  of  the  change  being  the  same.  In  the  case  of  some  gases, 
however,  not  only  is  the  rate  but  also  the  kind  of  the  chemical 
change  to  some  extent  influenced  by  the  activity  of  the  platinum ; 
but  this  may  be  due  to  the  higher  temperature  produced,  and 
not  to  any  increased  activity  of  the  occluded  hydrogen. 

The  efficiency  of  the  prepared  platinum  can  be  readily  tested  by 
transferring  electroljrtic  gases  to  the  tube.  Perhaps  one  or  two 
experiments  may  not  be  out  of  place.  A  freshly-prepared  tube 
was  rapidly  filled  with  a  mixture  of  electrolytic  gases ;  there  was  a 
rapid  contraction  for  five  or  six  seconds,  followed  by  an  explosion. 
In  a  similar  tube  which  had  been  in  use  some  months,  the  con- 
traction was  much  slower,  taking  from  10  to  15  minutes,  and  there 
was  no  explosion.  In  a  tube  containing  foil  which  had  not  been 
coated  or  specially  cleaned,  the  gases  took  about  thirty  hours  to 
disappear. 

The  hydrogen  was  in  most  cases  made  by  the  electrolysis  of  pure 
dilute  sulphuric  acid,  but  in  some  cases  by  dilute  sulphuric  acid 
and  zina 

The  experiments  were  generally  made  by  filling  the  tube  with 
the  solution  under  trial,  then  displacing  the  solution  with 
hydrogen,  and  leaving  the  filled  tube  standing  in  the  solution. 
"With  corrosive  liquids,  instead  of  the  tubes  just  described,  a  V 
tube  may  be  used,  one  Hmb  of  which  is  closed,  and  contains  the 
prepared  foil. 

NiTEic  Acid. 

* 

A  number  of  experiments  have  been  made  on  the  reducing 
action  of  occluded  hydrogen  on  nitric  acid  and  other  oxygen 
compounds  of  nitrogen,  and  as  the  action  of  this  gas  can  be 
studied  on  each  compound  apart  from  the  rest,  and  as  hydrogen 
in  this  condition  resembles  in  its  action  nascent  hydrogen,  the 
results  may  reasonably  be  expected  to  throw  a  little  light  on  the 
difficult  and  complicated  subject  of  the  action  of  metals  on  nitric 
add. 

A  tube  of  electrolytic  hydrogen  was  kept  over  nitric  acid 
(§p.  gr.,  1 42)  for  six  weeks ;  there  was  not,  however,  the  least  sign 
of  any  absorption.  Similar  tubes  were  kept  for  several  months 
over  acid  somewhat  more  diluted  than  this,  but  no  contraction 
of  the  volume  of  gas  was  noted  in  any  case.  This,  then,  shows 
the  remarkable  diflerence  between  ordinary  ot  mo\^\)\^T  V^^x^^^;^ 
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and  the  same  element  in  a  nascent  state — a  difference  generally 
attributed  to  different  atomic  aggregation. 

Hydrogen  in  contact  with  prepared  platinum  foU  acts  very 
readily  on  nitric  acid.  With  acid  of  sp.  gr.,  1  *42,  red  fumes  make 
their  appearance  almost  immediately  and  attain  their  maximum 
in  a  few  minutes ;  there  is  then  a  gradual  contraction  in  the  gas, 
which  is  not  quite  absorbed  for  an  hour  or  two  unless  the  tube 
be  agitated.  The  acid  has  by  this  means  acquired  a  yellow 
appearance,  being  evidently  reduced  to  nitrous  acid. 

With  acid  more  diluted  than  this,  the  results  are  similar,  but 
the  fumes  are  less  red,  and  with  an  acid  weaker  still,  no  red  fumes 
appear  \  the  action,  therefore,  is  between  the  hydrogen  and  vapour 
of  nitric  acid. 

If  the  acid  (1*42)  be  diluted  with  four  or  five  times  its  volume  of 
water,  it  is  still  acted  on  by  hydrogen  pretty  rapidly,  the  con- 
traction being  from  40^  to  60  mm.  per  hour,  depending  on  the 
freshness  of  the  platinum  black ;  the  resulting  acid  has  a  nitrous 
smell  and  a  reducing  action  on  potassium  permanganate.  More 
diluted  still,  the  action  is  slower,  but  still  there  is  an  action,  the 
lower  limit  of  which  I  did  not  determine.  With  normal  acid, 
however,  the  action  is  exceedingly  slow ;  in  seven  days  the  con- 
traction was  only  30  mm.  in  one  of  my  experiments ;  with  one- 
half  normal  (the  weakest  acid  used  in  this  mode  of  experimenting) 
the  action  was  much  the  same. 

Heat  will  greatly  accelerate  the  action  of  hydrogen  on  dilute 
acid.  For  this  purpose  the  tube  is  filled  to  the  extent  of  about 
three-fourths  with  hydrogen,  and  either  sealed  up  or  closed  with 
a  good  cork ;  it  must  be  tied,  and  then  placed  in  a  slanting 
position,  so  as  to  expose  as  much  foil  as  possible  to  the  liquid  and 
gas  in  the  water  bath.  ' 

Heated  in  this  way  with  normal  acid,  the  absorption  was  almost 
complete  in  two  hours,  the  acid  in  the  tube  giving  the  reaction  for 
nitrous  acid,  and  also  indicating  a  little  ammonia  with  Nessler^s 
reagent. 

With  half  normal  acid  treated  in  the  same  way  the  result  was 
pretty  much  the  same;  less  nitrous  acid  and  more  ammonia 
appeared  to  be  produced.  With  one-eighth  normal  acid  the 
action  was  slower,  but  by  six  hours'  heating  in  the  water  bath 
nearly  all  the  hydrogen  had  disappeared. 

With  y\j^,  Tj\r,  and  ^^^  normal  acid  the  action  was  very  similar ; 
in  from  five  to  eight  hours  the  hydrogen  almost  or  quite  disappeared, 
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and  the  residue  in  the  tube  gave  in  every  instance  the  reactions 
of  nitrous  acid  and  ammonia.  No  acid  more  dilute  than  ^\-  normal 
was  experimented  with. 

The  action  of  occluded  hydrogen  on  these  dilute  solutions  of 
nitric  acid  is  interesting,  as  showing  the  activity  of  hydrogen  in 
this  condition;  and  for  the  purpose  of  comparison  I  have  some- 
times made  an  electrolysis  of  acid  of  the  same  strength,  using  a 
very  weak  current.  Some  of  the  hydrogen  under  these  conditions 
will  reduce  a  portion  of  the  acid,  but  another  part  of  the  hydrogen 
always  appears  in  a  free  state  at  the  negative  pole,  showing  that 
the  gas  in  this  condition  can  with  difficulty,  and  only  incompletely, 
reduce  acid  so  dilute,  which  acid  is  freely  acted  on  by  occluded 
hydrogen  if  assisted  by  a  moderate  heat. 

Nitrates. 

The  nitrates  are  all  reduced  by  occluded  hydrogen,  but  the 
action  is  not  quite  so  rapid  as  with  some  other  solutions.  Hydro- 
gen standing  over  a  saturated  solution  of  potassium  nitrate  was 
absorbed  to  the  extent  of  25  c.c.  in  six  days ;  the  solution  in  the 
tube  smelt  of  ammonia,  and  showed  that  a  nitrite  had  been  formed. 
With  sodium  nitrate  the  action  was  very  similar.  Hydrogen 
sealed  up  in  a  tube  containing  platinum,  with  a  strong  solution 
of  potassium  nitrate,  acted  much  more  rapidly  on  exposing  it  to 
the  heat  of  the  water  bath.  The  gas  had  almost  disappeared  in  two 
and  a  half  hours,  and  the  solution  had  a  strong  smell  of  ammonia, 
and  gave  a  reaction  for  a  nitrite. 

Hydrogen  standing  in  a  similar  tube  without  platinum  over  a 
concentrated  solution  of  nitre,  gave  no  contraction  in  one  month; 
and  a  similar  sealed  tube  exposed  to  the  heat  of  100°C.  in  a  water 
bath  for  some  hours  showed  no  signs  of  contraction. 

Crumpled  platinum  foil,  coated  with  platinum  black,  was  placed 
in  a  flask  and  half  covered  with  a  solution  of  KNO,;  when  the 
flask  was  filled  with  hydrogen  and  heated  on  a  water  bath,  the 
solution  showed  in  a  few  minutes  an  alkaline  reaction,  and  there 
was  an  evolution  of  ammonia.  Other  nitrates  are  also  reduced. 
Those  of  barium  and  calcium,  for  instance,  are  reduced  gradually 
at  ordinary  temperatures,  and  much  more  rapidly  at  the  tempera- 
ture of  boiling  water. 

Cobalt  Nitrate, — Hydrogen  (without  platinum)  stood  over  a 
strong  solution  of  cobalt  nitrate  for  some  weeks;  but  there  were  no 
signs  of  absorption.     In  the  presence  of  coated  platinum,  however, 
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there  was  a  gradual  but  slow  contraction  of  the  gas.  In  a  week  this 
amounted  to  a  column  150  mm.  in  height ;  on  the  foil  there  were 
a  few  spots  of  a  greenish-blue  colour,  and  a  brownish-yellow 
flocculent  matter  deposited.  Some  of  the  same  solution  was  sealed 
up  in  a  tube  with  hydrogen,  and  heated  for  one  hour  (in  presence  of 
platinum);  at  the  end  of  that  time  all  the  hydrogen  had  disappeared. 

Nickel  Nitrate, — This  compound  behaves  in  a  similar  manner, 
being  slowly  acted  on  at  ordinary  temperatures,  and  by  two  hours' 
heating  in  the  water  bath  the  action  is  complete.  No  action 
occurs  without  the  platinum. 

Lead  Nitrate. — When  treated  in  the  same  manner,  this  body 
gave  similar  results;  without  the  presence  of  platinum  it  gave 
no  result,  either  hot  or  at  ordinary  temperatures. 

Copper  Nitrate, — Russell  (Journ,  Chem,  JSoc,  xxviL  3,  1874) 
states  that  copper  nitrate  and  some  other  substances  appear  to  be 
reduced  by  hydrogen;  no  particulars  of  experiments  are,  however, 
recorded.  I  have  kept  hydrogen  standing  over  a  strong  solution 
of  this  salt  for  some  weeks  without  any  obvious  result ;  in  the 
presence  of  platinum,  however,  the  hydrogen  is  readily  absorbed, 
with  a  production  of  copper  nitrite,  apparently.  (In  one  of  my 
experiments  a  slight  deposit  of  metallic  copper  seemed  to  be  formed 
on  the  platinum  foil,  but  this  is  not  always  the  case.)  NUrcUes 
of  mercury  and  bismuth  are  acted  on  by  occluded  hydrogen. 

Silver  Nitrate. — Chemists  are  by  no  means  unanimous  as  to 
the  action  of  hydrogen  on  silver  nitrate.  A  diluted  solution  of 
this  salt  is  readily  reduced  by  occluded  hydrogen  to  a  metallic 
state,  small  brilliant-looking  crystals  making  their  appearance  on 
the  foil.  The  action  with  platinum  was  about  ten  times  as 
rapid  as  without,  with  a  dilute  solution ;  with  a  concentrated  one, 
the  difference  is  not  so  marked.  I  did  not  see  any  reduction  to 
nitrite,  mentioned  by  Russell  in  the  paper  above  alluded  to,  but 
the  reduction  did  not,  I  expect,  go  far  enough  to  produce  this  salt. 

From  these  experiments  it  appears  that  all  nitrates  are  readily 
reduced  by  occluded  hydrogen. 

Chlorine,  Bromine,  and  Iodine. 

Chlorine  in  the  dark  does  not,  as  is  well  known,  combine  with 

hydrogen.     I  kept  a  tube  of  hydrogen  standing  over  chlorine 

water  for  seven  days,  but  there  was  not  the  slightest  contraction.    In 

the  presence  of  platinum,  however,  the  contraction  is  at  the  rate 

of  50  or  60  mm.  per  hour;  Wt  mUv.  cMorinfi  and  bromine  the 


m 


Mr.  Stephen  Cooke  on  Eedudiig  Action  0/ Hydrogen,    289 

finely  divided  platinum  is  liable  to  become  detached  from  the  foil, 
and  hence  the  action  after  a  time  becomes  slower. 

Hypochlorous  acid  is  reduced  by  hydrogen  under  the  usual 
conditions  of  experiment. 

Hydrogen  standing  over  a  saturated  solution  of  KCIO3  showed 
no  contraction  in  six  weeks.  In  the  presence  of  the  prepared  foil 
the  action  is  fairly  rapid,  being  at  the  rate  of  10  mm.  per  hour. 
The  chlorate  is  reduced  to  chloride;  a  quantitative  experiment 
accounted  for  all  the  hydrogen  absorbed. 

Potassium  perchlorate  is  not  acted  on. 

Bromine  water  acts  pretty  much  the  same  as  chlorine.  Iodine 
in  a  solution  of  potassium  iodide  is  acted  on  more  slowly. 

Bromates  and  iodates  were  not  experimented  with. 

Concentrated  Sulphuric  Acid. 

It  is  sometimes  stated  in  text-books  that  hydrogen  attacks 
concentrated  sulphuric  acid;  e.g,,  in  Frankland's  and  Jaap's 
Inorganic  Chemistry  the  following  note  occurs: — "The  use  of 
concentrated  sulphuric  acid,  as  a  desiccating  agent,  ought  to  be 
avoided,  if  a  very  pure  gas  (hydrogen)  is  required,  as  hydrogen 
slowly  reduces  this  acid  in  the  cold,  with  formation  of  sulphurous 
anhydride."  In  order  to  test  this,  I  kept  pure  hydrogen  over  pure 
concentrated  sulphuric  acid  for  three  weeks.  There  was  no  sign 
of  contraction,  and  the  acid  had  no  smell  of  SO2,  and  not  the  least 
reducing  action  on  potassium  permanganate.  The  reducing  action 
of  hydrogen  on  thia  acid  must  therefore  be  extremely  small  to 
exhibit  no  action  in  three  weeks,  and  I  cannot  help  thinking  that 
one  might  safely  dry  hydrogen  by  means  of  sulphuric  acid, 
provided  the  gas  be  pure;  should  it  contain  sulphuretted  or 
phosphoretted  hydrogen  it  would  be  quite  another  matter. 

In  contact  with  prepared  foil  the  action  is  very  different. 
There  is  a  steady  but  slow  absorption,  which  amounted  to  150  mm. 
in  three  days.  The  acid  when  examined  smelt  strongly  of  SO.,, 
and  had  a  reducing  action  on  potassium  permanganate. 

Hydrogen  reduces  H0SO3,  but  the  action  is  slow. 

Permanganates. 

Potassium  permanganate  is  slowly  reduced  by  hydrogen,  but 
the  action  is  very  slow ;  in  the  presence  of  platinum  it  is  much 
hastened;  but  even  in  this  case  it  is  slowex  IYvcltv  oxv^  -vqvsX^  V-on^ 

Vor.  XVIII.  T 
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expected,  the  upper  surface  of  the  foil  soon  becoming  exhausted 

unless  agitated. 

Bichromates. 

An  acidulated  solution  of  potassic  bichromate  was  not  reduced 
by  hydrogen  in  six  weeks  without  platinum;  with  platinum,  the 
action  is  steady  and  fairly  rapid. 

Ferric  Salts. 

Ferric  salts  are  not  reduced  by  prolonged  contact  with  hydrogen. 
In  presence  of  platinum  ferric  chloride  is  readily  reduced,  and 
the  reduction  proceeds  with  great  regularity;  if  the  platinum 
deposit  be  fresh,  the  conti'action  will  amount  to  50  or  60  mm. 
per  hour.  The  greater  regularity  shown  in  the  reduction  of  this 
salt,  compared  with  some  others,  is  owing  no  doubt  to  its  solubility, 
thus  preventing  the  upper  layer  from  becoming  exhausted. 

Ferric  sulphate  is  very  readily  reduced  by  hydrogen  in  presence 
of  platinum.  In  my  experiment  the  action  seemed  a  little  more 
rai)id  than  with  the  chloride. 

Warren,  in  a  recent  number  of  the  Chemical  NewSy  has  suggested 
the  use  of  ferric  salts  instead  of  potassium  bichromate  as  a  fluid 
for  the  galvanic  battery.  I  know  nothing  of  its  efficiency  for  that 
purpose,  but  in  my  experiments  a  concentrated  solution  was  more 
readily  reduced  than  the  acidified  bichromate. 

Mercuric  Salts. 

Mercuric  chloride  was  not  reduced  by  hydrogen  alone  in  six 
months.  With  platinum  it  rose  75  mm.  in  twelve  hours,  and  a  crust 
of  white  powder  (Hg^Gl^)  coated  the  foil.  After  a  time  the  action 
became  much  slower  from  exhaustion  of  the  upper  layer. 

Platinum  Salts. 

Platinum  chloride  is  slowly  reduced  by  hydrogen  alone  in  the 
cold.  The  presence  of  the  prepared  foil  greatly  accelerates  the 
action,  which  is  as  great  in  one  hour  with  the  foil  as  in  48  hours 
without  it.  The  upper  layer  is  completely  reduced,  becoming 
quite  colourless. 

Ferricyanides. 

Hydrogen  standing  over  potassium  ferricyanide  was  reduced  by 
15  mm.  in  twelve  months;  with  the  foil  it  is  pretty  readily  reduced 
to  ferrocyanide. 
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Action  op  Hydrogen  on  Nitric  Oxide  in  presence 

OF  Platinum. 

Although  this  paper  deals  chiefly  with  the  reducing  action 
of  hydrogen,  it  may  not  be  out  of  place  to  mention  here  a  few 
experiments  with  nitric  oxide  and  hydrogen.  The  subject  is 
by  no  means  a  new  one.  Most  chemical  works  record  the  fact 
that  hydrogen  and  nitric  oxide  give  rise  to  ammonia  when  led 
over  gently-warmed  spongy  platinum,  and  the  reducing  action  of 
nascent  hydrogen  on  the  same  gas  is  employed  in  preparing 
hydroxylamina  The  method  I  have  adopted  in  studying  the 
reducing  action  of  hydrogen  seemed  suited  also  to  investigate  the 
action  of  gases  on  each  other,  inasmuch  as  the  residual  gases  can 
be  readily  measured  and  examined.  I  have  made  a  great  number 
of  experiments  with  these  gases,  and  some  of  the  results  seem 
worth  recording. 

The  experiments  were,  for  the  most  part,  made  in  the  same 
tubes  I  have  already  described,  some  experiments  on  a  much  larger 
scale.  In  some  cases  the  experiments  were  made  over  mercury, 
generally  over  water.  One  volume  of  hydrogen  and  two  volumes 
of  nitric  oxide  standing  over  mercury  gave  a  very  regular  action, 
and  the  results  of  the  diflerent  experiments  were  constant  and 
represented  by  the  equation  2  NO  +  H.^  =  NjO  +  HjO.  (Although 
standing  over  mercury  the  gases  were  moist,  as  the  tube  was  first 
filled  with  water,  over  which  the  mixed  gases  were  collected.  If 
the  tube  had  been  filled  with  mercury  the  finely-divided  platinum 
would  have  amalgamated  with  the  mercury  and  so  lost  its  activity.) 
Equal  volumes  of  nitric  oxide  and  hydrogen,  treated  in  the  same 
way,  gave  a  contraction  equal  to  one-half  the  original  volume,  the 
residue  being  nitrogen. 

Made  over  water,  the  results  are  pretty  much  the  same;  on 
the  whole,  they  are,  perhaps,  a  little  less  regular,  due,  no  doubt, 
to  the  solution  of  a  little  of  the  nitrous  oxide  in  the  water. 

With  a  larger  proportion  of  hydrogen  the  action  is  much  more 
rapid,  taking  place  in  the  course  of  a  few  minutes  if  the  platinum 
is  pretty  active,  and  leaving  a  strongly  alkaline  residue.  Similar 
experiments  made  on  a  larger  scale  gave  very  interesting  results. 

Hydrogen,  to  the  extent  of  600  c.c,  was  collected  in  a  cylinder, 
in  the  upper  part  of  which  a  large  piece  of  platinum  foil  was 
placed;  150  c.c.  of  nitric  acid  were  added  rapidly.  There  was  an 
almost  immediate  action — first  the  water  in  the  cylinder  was  some- 
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what  depressed,  and  heavy  whitish  fumes  appeared  near  the  foil ; 
there  was  then  a  pretty  rapid  contraction  of  the  gas  till  only  300 
c.c.  remained,  450  c.c.  having  disappeared.  This  action  only  took 
a  few  minutes,  and  considerable  heat  was  developed  during  the 
change.  The  residue  was  chiefly  hydrogen,  but  it  contained  a 
little  nitrogen ;  all  the  nitric  oxide  had  disappeared,  and  there  was 
no  nitrous  oxide  in  the  residue.  The  liquid  was  strongly  alkaline, 
and  gave  the  I'eaction  for  hydroxylamine. 

Similar  experiments  have  been  made  with  like  results,  and  tlie 
contraction  is  very  often  the  same  as  the  above,  though  sometimes 
it  may  be  a  little  less. 

Ammonia  is  formed  at  the  same  time,  and  the  change  might  be 
represented  as  follows : — 

2  NO  +  8  H  =  NH3O  +  NH^HO. 

This,  however,  does  not  account  for  the  small  amount  of  nitro- 
gen resulting  from  the  experiment^  This  is  a  very  interesting 
reaction,  but  by  no  means  an  unexpected  one,  seeing  that 
hydroxylamine  is  prepared  by  the  action  of  nascent  hydrogen 
on  nitric  oxide. 

If  the  nitric  oxide  is  added  in  a  much  smaller  proportion  than 
was  used  in  the  last-mentioned  experiment  (viz.,  1  to  4  hydrogen), 
the  action  appears  pretty  much  the  same,  but  much  slower :  for 
instance,  I  added  to  600  c.c.  of  hydrogen  50  c.c.  of  NO,  and  the 
action  wa.s  not  complete  for  one  hour,  when  150  cc.  had  been  ab- 
sorbed; on  adding  another  50  c.c.  a  similar  contraction  takes  place. 
After  a  time,  however,  the  contraction  is  less  than  that  just 
indicated. 

These  experiments  show  the  influence  of  mass  in  determining 
chemical  change.  With  a  small  amount  of  hydrogen  the  reduc- 
tion is  to  nitrogen  and  nitrous  oxide;  when  the  hydrogen  is  greater 
in  amount,  ammonia  and  hydroxylamine  ai-e  the  chief  products  of 
the  reaction. 

As  in  these  experiments  the  nature  of  the  change  depends  largely 
on  the  mass  of  gases  present,  I  tried  the  effect  of  the  copper-zinc 
couple  on  nitric  oxide,  by  placing  a  piece  of  zinc  in  a  tube,  coating 
it  with  copi>er,  and  then  filling  the  tube  with  nitric  oxide.  The 
action  is  not  very  rapid,  and  the  gas  left  is  from  one-fourth  to 
one-third  of  the  nitric  oxide  taken;  ammonia  and  a  little 
hydroxylamine  are  formed. 

In  this  case,  therefore,  the  hydrogen  is  to  some  extent  capable 
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of  uniting  with  the  nitrogen,  but  not  neai'ly  to  the  extent  that  it 
does  when  there  is  a  large  mass  of  hydrogen  in  presence  of 
platinum. 

In  presence  of  platinum,  nitiic  oxide  is  reduced  by  carbonic 
oxide,  forming  nitrous  oxide  or  nitrogen  according  to  the  quantity 
of  00  present. 

Nitric  oxide  is  also  reduced  by  ammonia  in  presence  of  platinum. 
Nitrous  oxide  is  reduced  by  hydrogen,  ammonia,  and  carbonic  oxide 
in  presence  of  platinum. 

In  a  few  experiments,  when  nitric  oxide  was  mixed  with  the 
smaller  proportions  of  hydrogen  mentioned,  there  were  slight  in- 
dications of  hyponitrous  acid ;  in  other  cases,  however,  no  trace 
of  this  body  could  be  obtained.  If  this  substance  is  formed,  I 
believe  its  formation  depends  on  the  activity  of  the  platinum. 

These  experiments  may  be  considered  as  proving  that  hydrogen 
in  presence  of  finely  divided  platinum  possesses  all  the  properties 
of  nascent  hydrogen.  In  many  cases  the  action  is  slow,  but  in 
some  it  might  perhaps  be  used  as  a  means  of  reduction  when  the 
presence  of  sodium-amalgam  or  the  copper-zinc  couple  is  objec- 
tionable. 
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XXIV. — Note  on  Ute  Action  of  Electric  Sparks  on  Mixtures  of 
Nitric  Oxide  loith  Hydrogen  and  other  Inflamnuxble  Gases. 
By  Stephen  Cooke,  F.C.S. 


[Read  before  the  Society,  4th  May,  1887.] 


Davy,  in  his  Researches  on  Nitrous  Oxide,  says: — "  I  passed  a 
strong  electric  shock  through  equal  parts  of  hydrogen  and  nitrous 
gas,  confined  by  mercury  in  a  detonating  tube,  but  no  inflam- 
mation and  no  perceptible  diminution  was  produced."  This 
statement,  which  I  believe  is  quite  correct,  is  still  found  in  some 
of  our  works  on  Chemistry  (e.^.,  Gmclin's).  And  nothing  is  said 
about  the  action  of  sparks  on  these  gases  mixed  in  other  propor- 
tions, although  Davy,  a  little  further  on,  says: — "  Perhaps  if  I  had 
tried  many  other  different  proportions  of  the  gases,  I  should  at 
last  have  discovered  one  in  which  they  would  have  inflamed;  for, 
as  will  be  seen  hereafter,  nitrous  oxide  cannot  be  decomposed  by 
the  compound  combustible  gases,  except  definite  quantities  are 
employed."  This  paragraph  to  a  great  extent  anticipates  my 
experiments  on  this  subject. 

Henry,  however,  is  less  cautious,  and  in  his  Elements  of 
Chemistry  (9th  ed.Jj  he  makes  the  following  statements  (on  what 
authority  I  do  not  know,  but  he  seems  to  have  experimented  on 
the  subject  himself) : — "  It  [nitric  oxide]  does  not,  however,  explode 
with  hydrogen  in  any  jrroportian,  nor  with  any  of  tJie  varieties  of 
carburetted  hydrogen."  (The  italics  are  mine.)  And,  again, 
**  Nitrous  gas  does  not  with  hydrogen  gas  afibrd  a  mixture  that 
can  be  exploded  by  the  electric  spark."  Henry's  statements,  as  I 
shall  show  immediately,  now  need  modification. 

My  own  experience  on  this  subject  may  not  be  uninteresting. 
The  first  mixture  used  was  equal  volumes  of  nitric  oxide  and 
hydrogen,  this  being  the  most  likely  proportion  to  give  any  result. 
On  passing  sparks  it  was  found  that  there  was  a  pretty  rapid 
contraction  of  the  volume  of  gas,  but  no  explosion.  The  gas  left 
after  all  action  was  over  was  one-fourth   the   original   volume. 
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Evidently  the  change  oonsiAted  in  the  reduction  of  nitric  oxide  by 
hydrogen — 

NO  +  H,  =  N  H  H,  O. 

mm  * 

I  then  took  two  volumes  of  nitric  oxide  and  one  volume  of 
hydrogen,  and  on  passing  a  spark  through  this  mixture  a  pretty 
sharp  explosion  took  place ;  white  heavy  fumes  appeared  in  the 
tube,  together  with  red  fumes  of  nitric  peroxide;  the  volume 
of  the  original  gas  diminished  about  40  per  cent.,  and  the  water 
in  the  eudiometer  became  strongly  acid.  This  experiment  was 
made  over  water.  I  then  added  to  the  residue  a  volume  of 
hydrogen  equal  to  that  originally  employed,  and  on  passing  a 
spark  there  was  a  prompt  explosion.  In  this  case  no  fumes  (white 
or  red)  were  formed. 

Being  busy  at  the  time,  I  only  made  a  few  rough  experiments, 
"and  at  that  time  I  thought  the  change  in  the  first  explosion 
consisted,  for  the  most  part,  in  reducing  the  nitric  oxide  to  nitrous 
oxide,  and  this  appeared  somewhat  probable,  as  the  first  explosion 
took  place  with  some  difficulty,  sometimes  requiring  several 
sparks,  while  in  the  second  stage  the  inflammation  of  the  gases 
was  easier,  and  the  explosion  appeared  to  have  more  force. 

Returning  to  the  subject  some  months  afterwards,  I  was  unable 
to  get  any  result  at  all  with  similar  mixtures  of  the  gases.  This 
appeared  somewhat  extraordinary,  as  I  used  pure  nitric  oxide  in 
each  case  (prepared  from  FeSO^,  KNO,,  and  H3SO4,  so  as  to 
avoid  any  trace  of  nitrous  oxide),  and  everything  the  same,  with 
the  exception  of  a  eudiometer.  This  new  eudiometer  had  the 
wires  approaching  each  other  within  ^  of  an  inch,  while  the  one 
formerly  used  was  an  older  pattern  (which  had  been  broken  in  the 
interval),  in  which  the  wires  were  fully  ^  of  an  inch  apart.  Being 
unable  to  purchase  one  of  the  older  kind,  I  made  one  with  the 
wires  about  \  inch  apart,  and  then  the  results  wei*e  similar  to 
those  formerly  obtained.  Another  experience  may  be  mentioned 
here.  During  my  experiments  my  own  coil,  giving  an  inch  spark, 
got  damaged,  and  being  unwilling  to  wait  for  its  repair,  I 
borrowed  another,  giving  a  feebler  spark.  With  this,  however 
no  explosion  could  be  got,  although  the  spark  would  pass  readily 
enough.  This  coil  was  then  exchanged  for  one  giving  a  4-inch 
spark,  and  then  there  was  no  difficulty  in  getting  an  explosion 
every  time,  with  the  mixture  already  mentioned ;  and  with  the  new 
coil  a  larger  proportion  of  hydrogen  could  be  used  than  with  my 
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own — a  mixture  of  six  volumes  of  hydrogen  and  ten  volumes  of 
nitric  oxide  exploding  with  this  coiL 

With  a  diminished  pressure  of  300  mm.  of  mercury,  no  explosion 
was  obtained.  On  replacing  the  mercury  by  water,  the  same 
mixture  exploded  readily.  The  carefully-dried  gases  exploded 
with  equal  ease  to  the  undried  gasea 

Possibly  with  an  increased  pressure  and  greater  spark,  a  higher 
proportion  of  hydrogen  than  that  mentioned  above  might  have 
been  used. 

As  regards  the  explosion  of  nitric  oxide  and  hydrogen,  there- 
fore, my  experience  may  be  summed  up  as  follows : — 

1.  A  spark  from  a  feeble  coil  gives  no  explosion. 

2.  A  spark  from  a  larger  coil  gives  no  explosion  if  the  wires 
are  too  close  together. 

3.  No  explosion  takes  place  if  the  pressure  is  diminished  to  the 
extent  of  300  mm.  of  mercury — less  than  the  atmospheric  pressure. 

4.  No  explosion  takes  place  if  the  hydrogen  has  a  greater 
proportion  to  the  nitric  oxide  than  6  :  10. 

In  connection  with  1  and  2,  it  may  be  interesting  to  note  that 
Dixon,  in  a  paper  read  before  the  Chemical  Society,  about  a  year 
ago,  obtained  similar  results  with  mixtures  of  oxygen  and  cyanogen 
gases,  results  which  have  been  attributed  to  the  greater  distribut- 
ing energy  of  the  longer  and  more  vigorous  spark.  The  initial 
disturbance  in  these  experiments  not  only  determines  the  explosion, 
but  influences  to  a  considerable  extent  the  resulting  products. 

We  come  now  to  the  gases  resulting  from  the  explosions.  I  may 
state  that  my  first  experiments  were  made  over  mercury,  and  the 
gases  resulting  from  the  explosion  were  determined.  The  variation 
was  found  so  great  that  only  pretty  general  statements  can  be 
made.  A  number  of  my  late  experiments  were  made  over 
water.  A  number  of  experiments  were  generally  made  with  the 
same  mixture — the  gases  being  mixed  in  a  small  gasholder,  and 
transferred  to  the  eudiometer. 

As  illustrating  the  variation  that  may  occur  under  like 
conditions,  I  may  state  that  in  making  some  experiments  with  a 
mixture  of  nitrous  oxide  and  hydix)gen  in  the  proportion  of  2  :  1, 
the  residues  were  mixed  and  set  aside  for  further  examination. 
On  adding  the  residues  from  the  third  explosion  to  the  two  first, 
red  fumes  were  produced,  showing  that  oxygen  had  been  formed 
in  the  one  case,  and  nitric  oxide  left  undecomposed  in  the  other. 

Sometimes,   owing  to   the  greater  initial  disturbance   of  the 
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spark,  the  flame  passes  down  the  tube  with  greater  rapidity,  aiid 
the  explosion  is  more  energetic  than  at  other  times.  In  such 
cases  red  fumes  are  produced,  and  oxygen  is  found  in  the  residue. 

If  the  eudiometer  is  too  narrow  the  explosion  may  liot  travel 
more  than  a  few  inches  from  the  wires,  and  a  series  of  explosions 
may  be  got ;  but  nitric  oxide  is  left  undecomposed. 

Even  in  a  wide  tube  the  explosion  may  travel  slowly  down  the 
tube,  especially  when  near  the  bottom.  In  such  cases  nitric  oxide 
may  generally  be  found  in  the  residual  gases.  With  the  apparatus 
mentioned,  I  have  been  able  to  obtain  explosions  when  the 
volumes  were  H  :  NO  :  :  1  :  5.  With  one  volume  of  hydrogen  to 
10  volumes  of  nitric  oxide,  no  explosion  could  be  obtained.  The 
gi-eatest  amount  of  hydrogen  with  which  I  have  been  able  to  get 
an  explosion  is,  6  vol&  H  to  10  vols.  NO.  The  explosion  then 
occurs  with  difficulty,  and  only  when  the  larger  coil  I  have 
mentioned  is  used.  Two  vols,  of  H  and  five  vols,  of  NO 
explode  very  readily.  The  greater  number  of  experiments  were 
made  with  mixtures  of  H  :  NO  :  :  2  :  5,  and  H  :  NO  :  :  1  :  5. 

The  gases  produced  by  the  explosion  vary  so  considerably  that 
a  detailed  account  would  be  of  little  value.  More  than  50 
experiments  have  been  made,  and  in  all  but  four  or  five  free 
oxygen  has  been  found  in  the  i*esidue;  and  this  occurs  with  the 
smallest  volume  of  hydrogen,  as  well  as  the  greatest,  depending 
more,  I  believe,  on  the  force  of  the  explosion  and  the  temperature 
produced  than  the  propoi-tion  of  gases  present.  (For  instance, 
13  experiments  were  made  with  the  lowest  amount  of  hydrogen, 
and  in  11  of  them  oxygen  was  left.)  After  explosion  the  residue 
left  was,  on  the  average,  about  60  per  cent.,  the  extremes  being  44 
per  cent,  and  71  per  cent.;  and  here,  again,  the  proportion  of  gas 
left  often  depends  more  on  the  nature  of  the  explosion  than  on  the 
gases  present.  With  two  volumes  of  nitric  oxide  and  one  volume 
of  hydrogen,  the  change  may  often  be  approximately  represented 
by  the  following  equation : — 

2  NO  +  H,  =.  H,0  +  N,  +  0. 

The  free  oxygen  is,  however,  always  somewhat  less  than  one- 
half  the  amount  in  the  NO;  in  three  cases  the  volume  was  deter- 
mined and  the  lowest  was  40*2  per  cent.,  and  the  highest  a  little 
short  of  45  per  cent,  of  the  whole — a  portion  of  the  NO  breaking 
up  as  follows : — 

4  NO  =  2  NOj  +  N 
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To  me  the  most  unlooked-for  reaction  in  these  experiments  is  the 
production  of  free  oxygen,  especially  when  such  a  small  volume  oi 
hydrogen  is  used. 

I  have  already  quoted  Henry  with  reference  to  the  action  of 
hydrocarbons  and  nitrous  oxide.  Some  hydrocarbons  will,  how- 
ever, combine  readily  enough  with  NO  if  submitted  to  a  suitable 
spark  discharge,  provided  the  volume  be  properly  proportioned. 
Marsh  gas,  especially,  explodes  more  readily  than  hydrogen  when 
the  volume  is  not  less  than  one-twentieth  or  greater  than  one- 
eighth  of  the  nitric  oxide  used.  The  results  show  that  all  the 
carbon  is  oxidised  to  CO^,  and  the  residue  in  all  my  experiments 
contained  free  oxygen,  this  result  being  accounted  for  by  the 
vigour  of  the  explosion. 

Sulphuretted  hydrogen  when  mixed  with  nitric  oxide  can  be 
readily  exploded. 

Carbonic  oxide  and  nitric   oxide  did  not  in   any  proportion 

explode.     There  is  a  gradual  combination,  however,  which  may  be 

represented  by — 

NO  +  CO  =■-  C:0..  +  N. 
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XXV. — Note  on  the  Decomposition  of  Nitric  Oxide  in  contact  with 
Water  and  Alkaline  SoliUions.     By  Stephen  Cooke,  F.C.S. 


[Reacl  before  the  Society,  4th  May,  1887.] 


Priestley,  in  his  Experiments  on  Nitric  Oxide,  says: — ^' Being 
deeirouB  of  ascertaining  whether  nitrous  air  tended  in  any  degree 
to  a  spontaneous  decomposition  by  long  standing  only,  without 
being  in  contact  with  any  substance  that  could  be  supposed  to 
have  an  affinity  with  any  constituent  part  of  it,  I  filled  a  large 
phial  and  corked  it  very  tight,  keeping  it  for  the  most  part  with 
its  mouth  immersed  in  a  vessel  of  water,  but  neglected  it  and 
suffered  the  water  to  evaporate.  However,  examining  the  air 
about  two  years  afterwards,  I  found  it  to  have  the  same  power  of 
diminishing  common  air  that  freshly-made  nitric  oxide  has.''  He, 
however,  almost  immediately  afterwards  mentions  other  experi- 
ments in  which  the  nitric  oxide  appears  to  have  undergone  a  change 
on  standing  a  long  time;  but  as  he  gives  oxygen  as  one  of  the 
products  formed,  there  seems  to  be  some  mistake  in  the  experiments. 

Humboldt  and  others  declared  that  nitric  oxide  is  decomposed 
by  contact  with  water,  with  the  formation  of  nitrate  of  ammonium. 

Davy,  however,  i*ejects  these  experiments,  and  comes  to  the 
following  conclusions  as  the  results  of  his  experiments: — "(1) 
That  nitric  oxide  is  not  decomposable  by  water;  (2)  That  the 
diminution  of  volume  of  nitrous  gas  placed  in  contact  with  water 
is  owing  to  a  simple  solution  of  it  in  that  fluid.'' 

Russell  and  Lapraik  (Jour,  Che^n,  Soc.^  xxiv.,  37,  1876)  have 
shown  that  water  and  nitric  oxide  kept  at  100**  C.  for  a  fortnight, 
and  then  for  four  months  at  the  ordinary  temperature,  had  under- 
gone a  contraction  of  46*7  per  cent. 

After  making  some  of  my  experiments  on  nitric  oxide  and 
hydrogen  in  presence  of  platinum,  an  experiment  was  tried  with 
the  gases  alone  (i.e.,  without  the  platinum),  with  the  result  that 
there  was  a  slow  but  gradual  contraction.  On  examination  of  the 
residual  gases,  after  standing  for  more  than  twelve  months,  it  was 
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found  that  the  hydrogen  had  no  part  in  the  reaction  (except 
retarding  it) ;  but  the  nitric  oxide  had  undergone  partial  decom- 
position into  HNO.J  and  nitrogen,  together  with  a  little  nitrous 
oxide. 

Two  tubes,  about  '8  metre  long,  were  lilled,  one  with  two 
volumes  of  nitric  oxide  and  one  volume  of  hydrogen,  the  other 
with  equal  volumes  of  the  two  gases.  After  standing  54  weeks, 
the  iirst  had  undergone  a  contraction  of  230  mm. ;  and  on  adding 
ferrous  sulphate,  there  was  a  further  contraction  of  260  mm., 
leaving  43  mm.  of  nitrogen  and  nitrous  oxide,  the  hydrogen  being 
left  unchanged.  The  liquid  in  the  tube  was  strongly  acid,  and 
gave  the  reactions  for  nitrous  acid.  In  the  tube  containing  the 
larger  proportion  of  hydi*ogen  only  150  mm.  of  gas  had  disappeared 
in  the  same  time. 

From  these  experiments  it  is  evident  that  nitric  oxide  undeigoes 
a  change  by  merely  standing  in  contact  with  water.  Since  these 
experiments  were  made  the  subject  has  been  a  little  more  fully 
investigated ;  tubes  with  platinum  were  used  in  some  cases,  and  in 
others  nitric  oxide  stood  over  water  in  tubes  without  any  platinum. 

The  tubes  used  were  about  400  mm.  long.  Pure  nitric  oxide 
was  used.  The  tubes  when  tilled  were  kept  standing  over  pure 
water,  or  in  some  casein  over  mercury  with  20  or  30  mm.  of  water 
at  the  top.  They  were  kept  in  the  dark  and  at  the  ordinary 
temperature. 

With  tubes  contaiuiDg  platinum  the  contraction  was  gradual 
but  slow,  and  for  the  iirst  three  or  four  weeks  amounted  to  50  mm. 
per  week.  After  about  one-half  has  disappeared  the  action  gets 
slower,  and  in  tubes  of  this  kind  is  not  complete  for  nearly  three 
months.  The  total  contraction  will  be  at  least  90  per  cent,  of  the 
original  gas.  The  residue  is  chietiy  nitrogen,  but  it  also  contains  a 
small  quantity  of  nitrous  oxide,  and  a  portion  of  this  gas  is  also 
found  in  solution.     The  water  is  acid  and  contains  HNO,. 

Tu  a  tube  similar  to  the  last,  but  containing  no  platinum,  the 
action  is  slower — in  the  first  month  the  contraction  was  100  mm., 
and  towards  the  end  the  action  is  very  slow  indeed.  In  nine 
months  the  change  was  complete,  the  gas  remaining  being  from 
10  per  cent  to  20  per  cent,  of  the  original;  the  nitric  oxide  had 
quite  disappeared,  the  residue  consisting  of  nitrogen  and  nitrous 
oxide. 

In  a  tube  containing  platinum,  the  action  of  heat  in  accelerating 
the  change  was  tried.     Nitric  oxide  was  sealed  up  in  such  a  tube 
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with  a  little  water  and  kept  for  two  hours  at  100*^  C;  there  was 
a  contraction  of  20  per  cent.,  the  residue  consisting  of  nitric  oxide, 
nitrous  oxide,  and  nitrogen. 

It  is  well  known  that  a  solution  of  caustic  |>otash  acts  gradually 
on  nitric  oxide,  potassium  nitrate  and  nitrous  oxide  resulting  from 
the  change.  The  action,  however,  is  very  slow,  taking  some 
months  to  complete.  Russell  and  Lapraik  have  shown  that  the 
action  is  much  accelerated  by  keeping  at  a  boiling  temperature. 
At  common  temperature,  or  at  100**  C,  the  action  is  much  hastened 
by  the  presence  of  i)latinum.  A  tube  of  nitiic  oxide  400  mm. 
long,  containing  platinum,  was  placed  in  a  solution  of  caustic 
potash;  the  action  was  complete  in  three  weeks,  about  three- 
fourths  of  the  original  gas  disappeaiing.  In  a  similar  tube,  sealed 
up  and^kept  for  thi-ee  hours  at  100^  C,  a  like  change  took  place. 


302  PhiloBophical  Society  of  Olasgow, 


XXVI. — The  Arterial  system  of  Vertebrates  komologieaUy  con- 
sidered. By  John  Yule  Mackay,  M.  D.  ,  Senior  Demonstrator 
of  Anatomy,  University  of  Glasgow. 


[Read  before  the  Society,  30th  March,  1887.] 


In  a  paper  communicated  to  the  Journal  of  Anatomy,  January,  1886, 
Prof.  A.  Macalister  systematises  the  arrangements  of  the  arteries 
of  man,  and  draws  a  comparison  between  them  and  a  typical 
arterial  scheme  founded  upon  considerations  derived  from  embry- 
ology and  comparative  anatomy.  An  examination  conducted  upon 
such  lines  provides  in  many  cases  a  simple  explanation  of  details 
which,  when  viewed  from  the  standpoint  of  human  anatomy  isilone, 
appear  complicated  and  unintelligible.  The  development  of  the 
arterial  system,  however,  has  necessarily  been  a  complicated 
process,  and  it  is  only  by  the  continued  accumulation  of  data  that 
one  can  hope  to  understand  the  relations  which  subsist  between  the 
simple  arrangements  of  lower  forms  and  the  highly  modified  systems 
of  more  advanced  animals.  While  agreeing  with  Prof.  Macalister 
in  many  cases  as  to  the  homological  relations  of  individual  arteries, 
I  believe  that  there  is  still  room  for  further  investigation,  and 
have  been  led  to  offer  in  some  instances  a  difierent  view  of 
development.  This  is  particularly  the  case  in  connection  with  the 
relations  of  the  branchial  arterial  arches  to  the  visceral  and  parietal 
bmnches  of  the  longitudinal  trunks,  and  the  relations  of  the  branches 
of  the  external  carotid  artery  to  those  of  the  subclavian  and  other 
derivatives  of  the  doraal  longitudinal  vessel.  I  have  also  added 
a  view  of  the  homologies  of  the  branches  of  the  abdominal  and 
pelvic  ai*teries. 

The  arteries  of  a  vertebrated  animal  may  be  divided  into  two 
groups — (1)  a  primary  system  consisting  of  large  vessels,  and  (2)  a 
secondary  or  branch  system  passing  from  the  primary  to  the  supply 
of  the  body. 

The  Primary  System. 

In  the  early  embryonic  stage  of  a  vertebrate  animal  the  primary 
system  of  vessels  consists  of   the  following  elements: — (1)   Two 
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longitudinal  trunks  running  the  whole  length  of  the  body  upon 
the  dorsal  aspect  of  the  alimentary  canal;  (2)  a  longitudinal  trunk, 
single  at  its  origin,  but  rapidly  dividing  into  two  upon  the  ventral 
aspect  of  the  alimentary  canal,  passing  from  the  heart  towards  the 
head  and  reaching  as  far  as  the  mouth,  thus  occupying  only  a 
limited  portion  of  the  length  of  the  body;  (3)  a  system  of  arches 
upon  the  right  and  left  sides  of  the  alimentary  canal,  passing 
between  the  ventral  trunks  and  the  dorsal  trunks.  The  ventral 
trunks,  although  single  behind,  are  probably  to  be  regarded  as 
originally  entirely  double  and  belonging  each  to  one  lateral  half 
of  the  body,  the  single  portion  being  intimately  connected  in  its 
development  with  the  heart.  In  many  instances  the  heart  has 
begun  to  be  formed  before  the  splanchnic  walls  have  met  and 
closed,  and  it  arises  then  as  a  double  structure,  fusion  being 
subsequent. 

The  arches  passing  from  the  ventral  to  the  longitudinal  trunks 
are  to  be  found  only  in  the  region  between  the  heart  and  the  head. 
Prof.  Macalister  believes  that  in  the  region  between  the  heart  and 
the  tail  the  arches  are  represented  by  a  set  of  arteries  passing  from 
the  dorsal  longitudinal  trunks  to  the  supply  of  the  splanchnic  wall, 
and  which,  breaking  up  into  capillaries  and  becoming  venous,  end  in 
the  sub-intestinal  vein.     He  regards  the  sub-intestinal  vein  as  the 
thoracic  and  abdominal  portions  of  the  ventral  longitudinal  trunk& 
This  theoretical  conception  is  to  be  objected  to  on  several  grounds. 
In  the  neck  where  the  arches  are  present  the  splanchnic  wall  or 
alimentary  canal  is  supplied  by  arteries  which,  while  they  appear 
in  all  respects  similar  to  the  arteries  which  in  the  abdomen  are 
distributed  to  the  canal,  are  perfectly  distinct  from  the  primary 
arches.     These  branches  to  the  alimentary  canal  in  the  neck, 
breaking  up  into  capillaries,  end  in  veins  which  have  no  connec- 
tion with  the  ventral  longitudinal  arterial  trunks.     In  fishes  and 
larval  amphibians  the  ai*ches  enter  the  gills,  but  in  all  higher 
forms  each,  from  the  very  first,  consists  of  a  single  vessel,  and  if, 
as  may  be  done  in  the  chick,  their  development  be  watched,  they 
are  found  to  give  off  no  branches  whatever  to  any  part  of  the 
body.     The  arches  are  to  be  regarded  as  a  system  of  vessels  inter- 
mediate in  position  between  those  destined  for  the  supply  of  the 
splanchnic  and  those  of  the  somatic  walls,  possibly  in  invertebrate 
forms,  represented  by  a  more  extended  series,  but  in  the  vertebrata 
found  only  in  the  region  between  the  heart  and  the  head.     (PI. 
VII.,  Fig  III.) 
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The  dorsal  longitudinal  tninks,  running  the  whole  length  of  the 
Ijody,  fuse,  in  the  region  between  the  heart  and  the  tail,  into  a 
median  tnink,  the  aorta,  the  flow  of  blood  through  which  is 
towards  the  tail.  Between  the  heart  and  the  head,  on  the  other 
hand,  they  remain  separate  in  most  vertebrates,  and  form  portions 
of  the  carotid  system,  carrying  blood  to  the  head. 

In  the  change  from  the  embryonic  to  the  adult  stage  the 
relations  of  these  three  sets  of  vessels  are  considerably  modified. 
The  arches  vary  in  number  in  diflferent  forms.  In  the  embryos  of 
all  vertebrates  higher  than  the  amphibia  there  are  five.  They  are 
numbered  in  order  from  the  head  towards  the  heart.  The  fifth 
arches  become  upon  one  or  both  sides  solid  cords  in  the  adult, 
stretching  to  the  aorta  from  the  pulmonary  arteries,  which  are 
given  off  from  the  ventral  trunk  at  the  commencement  of  the  fifth 
arches.  The  fourth  arches  become  upon  one  or  on  both  sides 
aortic,  according  as  the  adult  form  has  a  right  or  left  aortic  arch 
or  both.  The  third  arches  become  portions  of  the  carotid  system 
upon  both  sides.     The  first  and  second  disappear. 

The  ventral  longitudinal  trunk  is  divided  by  an  obliquely  longi- 
tudinal septum  into  two  compartments,  one  of  them  continuous 
with  the  fifth  arches,  the  other  with  the  rest.  It  forms  the  basal 
]>ortions  of  the  pulmonary,  aortic,  and  carotid  vesseLa. 

While  the  dorsal  longitudinal  trunks  in  their  fused  portion 
between  the  heart  and  the  tail  become  the  aorta,  into  which  the 
fourth  or  aortic  arches  pass,  carrying  blood  towards  the  tail,  the 
third  arches,  carrying  blood  towards  the  head,  enter  them,  where 
they  remain  separate.  The  portions  upon  each  side  between  the 
entrance  of  the  third  and  fourth  arches,  in  which  the  direction  of 
the  circulation  is  indeterminate,  become  obliterated  in  many  forms 
and  disappear,  but  they  remain  open  in  the  lacertilia  and  stretch 
between  the  common  carotid  and  the  aorta. 

The  question  now  arises  as  to  what  portion  of  the  carotid  system 
is  derived  from  the  dorsal  longitudinal  trunk  between  the  third 
arch  and  the  head.  Rathke*  believed  that  it  was  only  the  internal 
carotid  which  was  to  be  regarded  as  a  portion  of  the  dorsal  longi- 
tudinal trunk,  and  looked  on  the  external  carotid  as  a  portion  of 
the  ventral  longitudinal  trunk ;  and  Macalister,  building  upon  this, 
describes  the  branches  of  the  external  carotid  artery  as  branches 
of  the  ventral  longitudinal  trunk,  and  believes,  upon  theoretical 
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glands,  that  the  posterior  auricular  and  occipital  arteries 
represent  incomplete  arches  stretching  from  the  ventral  to  the 
dorsal  longitudinal  trunk.  On  the  other  hand,  the  subclavian 
artery  is  regarded,  both  by  Rathko  and  Macalister,  as  a  branch  of 
the  dorsal  longitudinal  trunk.  In  the  description  of  the  branches 
of  the  primaiy  vessels  which  follow  it  will  be  seen  that  there  is  a 
very  marked  correspondence  between  the  branches  of  the  sub- 
clavian artery  and  those  of  the  external  carotid.  Further,  branches 
of  these  two  arteries  are  directly  united  to  one  another,  as  will  be 
seen,  by  the  anastomotic  chtiins  which  pass  between  the  branches 
of  the  dorsal  longitudinal  trunk  so  as  to  render  it  exceedingly 
probable  that  the  branches  of  the  external  carotid  are  to  be 
r^;arded,  like  those  of  the  subclavian,  as  derived  from  the  dorsal 
longitudinal  trunk. 

The  occipital  and  the  superior  thyroid  arteries  anastomose 
directly  with  the  deep  cervical  and  inferior  thyroid  arteries  from 
the  subclavian.  Macalister  looks  upon  the  occipital  as  one  of  the 
primary  arches,  and  if  this  be  so,  the  superior  thyroid  ought  also 
to  be  so  reckoned.  But  Macalister  also  regards  the  |>osterior 
auricular  artery  as  a  primary  arch,  so  that  if  his  theories  were  true 
there  would  be  representatives  of  six  arches  in  the  mammal,  a 
larger  number  than  has  ever  been  observed  in  the  embryo  of  any 
form  higher  than  the  amphibia. 

The  facts  of  the  comparative  anatomy  of  the  external  carotid 
artery  render  it  still  more  probable  that  it  is  to  be  regarded  as  a 
branch  of  the  dorsal  and  not  of  the  ventral  longitudinal  trunk. 
In  no  case  except  mammals  are  the  branches  of  the  external 
carotid  artery  gathered  together  into  a  single  root.  In  all  other 
forms  they  come  off  at  intervals  from  a  trunk  common  to  them 
and  the  internal  carotid,  and  which  in  many  cases  (birds  and 
crocodiles)  runs  for  a  considerable  distance  along  the  dorsal  aspect 
of  the  alimentary  canal  before  giving  off  any  branches  to  the  head. 
In  lacertilia,  in  some  crocodiles,  and  occasionally  in  birds,  the 
portions  of  the  doi*sal  trunk  between  the  third  and  fourth  arches 
being  present,  either  as  patent  vessels  or  solid  cords;  in  all  these 
forms  it  is  easily  see  A  that  the  greater  portion  of  the  common 
carotid  is  dorsal  in  position,  and,  consequently,  that  the  external 
carotid  branches  are  derivatives  of  a  dorsal  vessel. 

While  in  non-mammalian  vertebrates  the  external  carotid 
branches,  as  well  as  the  internal  carotid  artery,  are  to  be  re- 
garded as  derivatives  of  the  dorsal  longit\xdm&\  NeBi&ftX^  SX»  V^  \ife 
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seen  from  the  following  description  of  the  branch  system  that 
whatever  opinion  may  be  held  as  to  the  dorsal  or  ventral  positioii 
of  the  hasal  portion  of  the  external  carotid  of  msmTnals,  the 
branches  of  the  artery  at  least  correspond  to  the  branches  of  the 
dorsal  longitudinal  vessel 

The  Secondaby  or  Branch  System. 

In  studying  the  branches  of  the  primary  trunks  it  is  to  be 
noticed  that  their  arrangement  has  been  modified  by  the  action 
of  two  causes.  One  of  these  is  that  in  the  early  embryo  the  heart 
is  placed  close  under  the  head,  but  in  the  adult  it  is  removed 
backwards  into  the  thorax,  and  the  primary  arches  and  portions 
of  the  longitudinal  trunks  to  a  certain  extent  participate  in  the 
change  of  position.  The  cliick  embryo  affords  an  examplsu  Daring 
the  fourth  day  the  heart  and  a  portion  of  the  aorta  are  still  in  the 
neck,  and  the  aorta  is  observed  to  give  off  lateral  branches  to  the 
walls  of  the  neck,  but  after  development  is  completed  and  the  heart 
and  aorta  are  found  in  the  thorax,  no  lateral  branches  from  the  aorta 
pass  to  the  neck.  In  the  descent  of  the  heart  and  arches  the  lateral 
branches  from  the  aorta  to  the  neck  have  become  obliterated. 
The  second  modifying  cause  is  the  obliteration  of  the  portions  of 
the  dorsal  longitudinal  trunks  between  the  third  and  fourth 
arches  already  alluded  to. 

Most  of  the  arteries  of  the  body  arise  from  the  dorsal  longitudinal 
trunk.  A  small  number  take  origin  from  the  ventral  trunk.  None 
arise  from  the  primary  arches.  In  fishes,  where  nothing  but 
venous  blood  passes  through  the  heart,  the  systemic  arteries  do 
not  take  origin  until  the  blood  has  become  arterialised;  that  is  to 
say,  they  are  found  springing  from  the  vessels  beyond  the  giUs, 
the  dorsal  longitudinal.  In  foiins  higher  than  fishes,  however, 
where  the  heart  propels  both  venous  and  arterial  blood,  branches 
are  given  off  from  the  ventral  vessel  to  a  limited  portion  of  the 
body. 

Branches  from  the  Dorsal  Primary  Trunks:  SegmmUal 
Branches, — From  the  dorsal  primary  trunks  branches  are  given 
off  at  intervals  corresponding  to  the  segments  of  the  vertebrate 
body.  As  it  courses  through  the  segment  each  dorsal  trunk 
may  be  regarded  as  giving  off  branches  which  pass  round 
the  splanchnic  and  somatic  walls  to  meet  in  the  middle  line  similar 
vessels  from  the  other  side.  Two  arterial  circles  are  thus  formed, 
a  vjBceral  upon  the  walls  of  the  alimentary  canal,  and  a  parietal 
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upon  the  body  walls.     Another  set  of  branches  distributed  in  the 
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emlnryo  to  the  Wolffian  body,  and  in  the  adult  to  structures 
developed  in  connection  with  it,  appears  to  occupy  a  position 
intermediate  to  the  two  circles ;  but  it  seems  probable,  from  the 
manner  in  which  the  Wolffian  body  is  developed,  that  these  arteries 
are  to  be  regarded  as  connected  more  especially  with  the  parietal 
circle.  (PI.  VII.,  Fig.  II.)  I  have  used  the  word  "circle"  to  denomi- 
nate the  segmental  branches  of  the  dorsal  longitudinal  vessel,  in  order 
to  avoid  confusion  between  these  vessels  and  the  primary  arches, 
which  have  a  similar  direction,  but  occupy  a  position  between  the 
two  circles,  and  are  distinct  from  either.     (PL  VII.,  Fig.  III.) 

The  visceral  circle  supplies  branches  to  the  alimentary  canal  and 
to  the  organs  developed  in  connection  with  it.  The  parietal  circle 
gives  branches  which  radiate  from  it  to  the  body  wall ;  the  most 
important  are  (1)  a  dorsal,  (2)  a  lateral,  (3)  a  ventral.  (Fig.  II., 
PL  VII.) 

Longitudinal  anastomotic  chains  connect  the  circles  of  successive 
segments  with  one  another.  The  most  important  of  these  are  (1) 
upon  the  ventral  border;  and  (2)  upon  the  dorsal  border  of  the 
alimentary  canal;  (PL  VII.,  Fig.  II.);  (3)  along  the  ventral  aspect 
of  the  body  wall ;  (4  and  5)  along  the  ventral  and  dorsal  borders 
of  the  neural  axis,  spinal  cord  and  brain ;  (6)  close  to  the  vertebral 
column  upon  the  ventral  surface  of  the  rib  necks;  (7)  between  the 
rib  necks  and  transverse  processes;  (8)  upon  the  dorsal  aspect  of 
the  transverse  processes.  The  last  three  chains  lie  in  close  prox- 
imity to  one  another. 

Portions  of  all  the  different  chains  are  represented  in  the  human 
subject  Upon  the  alimentary  canal  the  two  median  chains  form 
large  vessels  on  the  greater  and  smaller  curvatures  of  the  stomach. 
Upon  the  ventral  aspect  of  the  body  wall  the  internal  mammary 
and  deep  epigastric  arteries  represent  a  free  anastomosis.  Upon 
the  neural  cylinder  the  anterior  and  posterior  spinal  arteries  and 
the  circle  of  Willis  express  the  anastomotic  lines.  The  three 
chains  which  lie  close  to  the  vertebrse  are  but  feebly  represented 
in  the  thoracic  and  lumbar  regions  by  small  vessels,  but  in  the 
neck  they  form  large  arteries — the  inferior  thyroid,  the  vertebral, 
and  the  deep  cervical.  In  some  other  forms,  however,  the  last 
three  chains  are  much  more  largely  developed ;  in  the  cetacean 
class  especially,  the  anastomotic  vessels  form  large  plexuses  in  the 
thoracic  region. 

The  Visceral  Circle. — ^The  following  deacxvigitioiA  \v».n^  «^^s\ 
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refeienoe  to  human  anatomy.  The  arteries  which  pass  to  the 
alimentary  canal  have  in  most  cases  lost  their  segmental  arrange- 
ment, and  their  distribution  is  only  to  be  explained  by  reference 
to  the  exigencies  of  development.  In  some  cases  they  will  be 
found  springing  directly  from  the  primary  longitudinal  trunk  in 
the  middle  Une,  representing,  probably  in  many  instances,  a  fusion 
of  the  vessels  of  the  right  and  left  sides.  In  other  cases  their 
origin  is  lateral  and  conjoined  with  that  of  the  parietal  circle,  in 
which  circumstances  the  vessels  of  the  two  sides  are  distinct. 

The  interference  with  the  segmental  arrangement  and  the 
accommodation  to  developmental  processes  is  well  marked  in  the 
abdomen.  The  whole  of  this  portion  of  the  tube  is  supplied  by  a 
series  of  three  arteries,  the  coeliac  axis,  and  the  superior  and  inferior 
mesenteric  arteries,  each  distributed,  as  has  been  pointed  out  by 
Professor  Cleland,*  to  a  primary  loop  of  the  intestine,  and  arising 
directly  from  the  aorta  in  the  middle  line.  (PL  VIL,  Fig.  I.)  The 
liver  and  spleen,  organs  developed  in  the  mesogastrium,  receive 
their  blood  supply  from  the  cceliac  axis. 

The  pelvic  portion  of  the  alimentary  canal  receives  the  middle 
and  inferior  haemorrhoidal  vessels  from  the  internal  iliac  and 
pudic  arteries.  In  these  instances  the  parietal  and  visceral  circles 
are  conjoined  at  their  bases,  and  the  vessels  of  the  right  and  left 
sides  are  distinct.  Vesical  arteries  also  pass  from  the  internal 
iliac  to  the  urinary  bladder,  which  is  developed  from  a  portion  of 
the  allantoic  diverticulum  from  the  intestine.  To  the  portion  of 
the  alimentary  canal  which  is  contained  in  the  thorax  arteries 
are  supplied  in  a  more  regular  manner.  CEsophageal  branches, 
reduced  in  number  to  four  or  five,  and  in  most  cases  arising 
directly  from  the  aorta,  enter  its  coats.  The  lungs,  which  are 
developed  as  a  diverticulum,  comparable  in  many  respects  to 
the  allantois,  receive  their  blood  by  bronchial  arteries,  either 
directly  from  the  aorta,  as  upon  the  left  side,  or  from  the  parietal 
circle  formed  by  an  intercostal  artery,  as  upon  the  right  side. 

To  the  alimentary  canal  in  the  neck,  the  sources  of  the  blood 
supply  have  been  modified  by  the  combined  action  of  the  two 
causes  already  noted ;  the  descent  of  the  whole  system  of  vessels 
into  the  thorax,  obliterating  the  segmental  branches  which,  in  the 
embryonic  stage,  spring  from  the  aorta  in  the  neck,  and  the 
disappearance  of  the  dorsal  longitudinal  vessel  between  the  third 
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and  fourth  primary  arches.  Under  these  circumstances,  the  blood 
supply  to  this  portion  of  the  intestine  is  maintained  by  the  enlarge- 
ment of  one  of  the  anastomotic  chains.  The  inferior  thyroid  artery 
represents  the  continuation  upwards  into  the  neck  of  the  anas- 
tomotic chain  between  the  segmental  branches  which  lies  upon  the 
anterior  surface  of  the  rib  necks.  The  artery  from  which  it  rises 
— the  subclavian — is  to  be  regarded,  probably,  as  representing  a 
fusion  of  the  parietal  and  visceral  circles  of  two  or  more  segments. 
The  other  branches  to  the  alimentary  canal  spring  from  the  external 
carotid  artery,  when  that  trunk  exists,  namely,  in  mammals; 
they  are  the  superior  thyroid,  lingual,  ascending  pharyngeal,  and 
branches  from  the  facial  artery.  The  superior  thyroid  artery  is 
the  continuation  downwards  from  the  external  carotid  of  the  same 
anastomotic  chain,  which  continued  upwards  from  the  subclavian 
formed  the  inferior  thyroid  artery.  The  lingual  and  tlie  ascending 
pharyngeal  represent  the  visceral  circles  of  still  higher  segments, 
while  the  facial  artery  supplying  visceral  and  parietal  branches 
is  probably  to  be  regarded,  like  the  pudic,  and,  like  the  external 
carotid  itself,  as  representing  a  basal  fusion  of  the  visceral  and 
parietal  circles. 

T/ie  Parietal  Circle^, — The  parietal  circles  have  been  least  in- 
terfered with  in  the  thoracic  and  lumbar  regions,  where  they  form 
the  intercostal  and  lumbar  arteries.  These  vessels  course  round 
the  body  wall  and  unite  with  the  anastomotic  chains  formed  by  the 
internal  mammary  and  epigastric  arteries.  The  radiating  branches 
are  the  dorsal,  the  lateral,  and  the  anterior.  The  dorsal  branches 
send  twigs  into  the  spinal  canal  to  supply  the  neural  axis,  the 
lateral  branches  randfy  in  the  body  wall,  and  are  in  series  with 
the  arteries  which  in  the  pectoral  and  pelvic  regions  enter  the 
limbs. 

At  the  lower  end  of  the  abdomen,  while  the  dorsal  longitudinal 
trunk  is  continued  onwards  as  the  middle  sacral  artery,  the 
parietal  and  visceral  circles,  have  become  fused  on  each  side  into 
one  stem — the  common  iliac  artery.  The  visceral  circles  have  been 
already  noticed.  There  are  five  distinct  parietal  circles — the 
external  iliac,  the  obturator,  the  gluteal,  the  sciatic,  and  the  pudic. 
The  external  iliac  artery  is  continued  round  the  body  wall,  its 
terminal  branch  joining  the  ventral  anastomosis  formed  by  the 
epigastric  artery.  The  lateral  branch  of  the  external  iliac  forms 
in  mammals  the  femoral  artery,  and  supplies  the  pelvic  limb. 
The  obturator  ai*tery  passes  round  the  somatic  wall,  and  is  joined 
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by  anastomotic  branches  to  the  epigastric  artery;  in  instancwi 
where  the  root  of  the  obturator  artery  (ails,  it  arises  &t>m  the 
epigastric  by  a  further  prolongation  downwards  of  the  TentEil 
anastomotic  chain.  Lateral  branches  of  the  sciatic  artery  are 
prolonged  for  some  distance  with  the  nerres ;  and  in  birds  and 
reptiles  these  form  the  main  supply  of  the  limb. 

At  the  upper  end  of  the  thorax,  the  subclavian  artery  re- 
presents a  fusion,  probably,  of  the  visceral  and  parietal  cirdis 
of  the  last  cervical  and  first  thoracic  segments.  The  parietal 
branches  sweeping  round  the  body  wall  terminate  in  the  ventral 
anastomotic  chain  as  the  root  of  the  internal  mammary  and  the 
first  intercostal  artery.  One  lateral  branch  is  prolonged  as  the 
axillary  artery  into  the  limb,  and  others  are  represented  by  the 
tranverse  cervical  and  supra-scapular. 

In  the  neck,  owing  to  the  obliteration  of  the  dorsal  longitudinal 
vessel,  the  origin  of  the  segmental  circles  is  transferred  to  the 
longitudinal  anastomotic  chains.  Three  of  these  are  present 
connected  below  with  the  subclavian  and  above  with  the  carotid 
artery.  They  are  the  inferior  thyroid  joining  the  superior  thyroid, 
the  vertebral  joining  the  internal  carotid,  and  the  deep  cervical 
joining  the  occipital.     (PI.  YIL,  Fig.  I.) 

The  external  carotid  artery  may  probably  be  r^arded  as  a 
stem  of  secondary  formation,  uniting  the  origins  of  visceral  and 
parietal  circles  of  several  segments.  This  view  is  corroborated  by 
the  consideration  that  the  external  carotid  trunk  is  peculiar  to 
mammals.  Among  the  parietal  branches  the  occipital,  continued 
into  anastomosis  with  the  chain  which  lies  on  the  dorsal  aspect  of 
the  transverse  processes,  is  to  be  regarded  as  dorsal  The  internal 
carotid,  after  leaving  the  neck,  corresponds  to  an  enlarged  spinal 
branch. 

The  Intermediate  Arteries, — ^The  vessels  which,  springing  from 
the  abdominal  aorta,  supply  the  Wolfiian  body  and  its  derivative 
organs  may  be  so  termed.  They  are  the  supra-renal,  the  renal, 
and  the  spermatic  or  ovarian.  Probably  in  the  pelvis  the  uterine 
and  vaginal  have  a  similar  origin.  These  vessels  join  in  a  sub- 
peritoneal anastomosis  with  the  branches  of  the  parietal  circle. 

Branches  of  the  Ventral  Longitudinal  Trtmk, — If  the  branches 
of  the  external  carotid  artery  be  considered  as  belonging  to  the 
dorsal  trunk,  the  branches  of  the  ventral  trunk  are  few  in  number. 
They  are  represented  by  the  pulmonary  arteries,  the  coronary 
arteries  of  the  heart,  and  the  occasional  thyroidea    ima.     In 
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some  mammals,  as  the  cetacean  group,  the  thjroidea  ima  is  con- 
stant. In  forms  lower  than  mammals  the  branches  from  the 
ventral  trunk  are  large  and  important.  They  are  described  along 
with  the  comparative  anatomj  of  the  subclavian  artery  in  the 
next  section. 

OOMPARATIVE  AnATOMY    OF    THE   ANASTOMOTIC   CHAINS   BETWEEN 

THE  Subclavian  and  Cabotid  Abteries. 

The  subclavian  artery,  although  in  mammals  springing  from  the 
dorsal  longitudinal  vessel,  is  yet  in  some  other  forms  a  branch  of 
the  ventral  longitudinal  trunk.  This  second  mode  of  origin  is  to 
be  found  in  birds  and  in  crocodilian  and  chelonian  reptiles — ^in 
which  groups  the  subclavian  is  found  to  stretch  outwards  to  the 
limbs,  from  the  ventral  margin  of  the  base  of  the  carotid  stem, 
crossing  in  its  course,  superficial  or  ventral,  to  the  pneumogastric 
nerve  and  jugular  vein.  There  are  thus  two  vessels  which,  in 
different  circumstances,  may  be  prolonged  into  the  pectoral  limb — 
one  from  the  dorsal  trunk  found  in  most  mammals,  in  lacertilian 
reptiles,  and  in  amphibians,  the  other  from  the  ventral  vessel  in 
birds  and  crocodilian  and  chelonian  reptiles.  In  most  cases  both 
these  arteries  are  to  be  found  co-existing,  although  but  one  reaches 
the  limb.  Among  mammals,  in  the  porpoise  and  in  other  cetacean 
animals,  it  is  the  artery  from  the  ventral  trunk  which  supplies  the 
limb,  but  the  artery  from  the  dorsal  trunk  is  present  as  a  very 
large  vessel — the  posterior  thoracic — distributing  its  branches 
chiefly  to  the  great  thoracic  ai-terial  rete,  but  also  giving  off 
branches  to  the  neck,  which  correspond  to  the  inferior  thyroid 
and  deep  cervical  of  the  human  subclavian.  In  lizards  both 
veasels  are  present,  but,  as  in  the  human  subject,  it  is  the  dorsal 
one  which  is  prolonged  into  the  limb,  the  ventral  one  losing  itself 
in  branches  among  the  scapular  muscles.  It  is  important  to 
notice  that  in  all  cases  where  the  two  arteries  are  to  be  found 
they  anastomose  freely  with  one  another  in  the  lateral  body  wall. 
The  comparative  anatomy  of  the  subclavian  artery  may  thus  be 
briefly  summarised  : — There  are  two  vessels,  one  arises  from  the 
ventral  longitudinal  trunk  and  runs  round  the  body  wall  in  a 
dorsal  direction,  the  other  arises  from  the  dorsal  trunk  and  runs 
round  the  body  wall  in  a  ventral  direction ;  they  anastomose  in  the 
body  wall,  and  at  the  place  of  anastomosis  the  branch  to  the  limb 
arises.  (PI.  VIL,  Fig.  IIL)  In  most  cases  both  roots  are  present, 
one  or  other  being  the  larger.    On  account  of  the  free  anastomosis 
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in  the  lateral  wall,  when  one  root  is  very  much  reduced  in  siie, 
some  of  its  more  external  branches  may  be  transferred  to  the 
other. 

The  branches  specially  belonging  to  the  ventral  root  sjre,  com- 
pared with  those  of  the  dorsal  root,  unimportant.  From  its  inner 
end  an  artery  corre8[X)nding  to  the  thyroidea  ima  of  human 
anatomy  is  supplied  to  the  trachea  and  cesophagus.  In  amphibians 
and  lacertilian  reptiles  this  artery  is  prolonged  to  the  tongue,  but, 
in  the  successively  higher  stages  it  is  reduced  in  size,  until  finally, 
as  in  most  mammals,  it  disappears  altogether.  Other  branches 
from  the  ventral  subclavian  are  (2)  a  connection  with  the  internal 
mammary  upon  the  ventral  aspect  of  the  body  wall,  and  (3)  a 
branch  to  the  dorso-lateral  aspect  of  the  neck  anastomosing  with 
arteries  from  the  dorsal  root  and  from  the  carotid.  From  the 
dorsal  root  of  the  subclavian  artery  the  three  anastomotic  chains 
already  noticed  are  continued  into  the  neck.  In  the  different 
groups  of  vertebrates  much  variation  is  found  in  respect  of  the 
apparent  origin  and  relative  development  of  these  three  vessels, 
but  in  every  case  an  explanation  may  be  found  by  an  application 
of  the  principles  already  laid  down. 

In  the  amphibia^  in  which  the  subclavian  takes  origin  by  its 
dorsal  root,  after  the  manner  of  the  mammalian  artery,  only 
one  of  the  three  anastomotic  chains  is  enlarged  and  prolonged 
into  the  neck.  A  vessel  corresponding  to  the  deep  cervical  artery 
passes  to  the  head  among  the  dorsal  muscles  of  the  neck.  This 
vessel  should  anastomose  with  an  occipital  artery  from  the  carotid, 
but  no  such  vessel  being  present,  the  deep  cervical  of  the  subclavian 
is  itself  continued  forwards  to  the  back  of  the  head  as  an  occipital 
artery.  The  origin  of  an  occipital  artery  from  the  subclavian  is 
easily  explained  by  reference  to  the  anastomotic  chain,  but  it  is 
rare  to  find  the  root  from  the  carotid  absent  altogether.  A.  very 
similar  state  of  parts,  however,  is  found  among  mammals  in  the 
cetacean  group.* 

In  the  chamaeleonidff3  among  the  reptiles,  while,  as  in  the 
amphibia,  only  one  of  the  three  anastomosic  chains  is  specially 
enlarged,  the  vessel  which  corresponds  to  the  inferior  thyroid 
artery  of  mammals  plays  the  impoi-tant  part  The  subclavian 
arises  by  its  doi-sal  root  and  gives  off,  close  to  its  origin,  a  vessel — 

*  Arterial  System  of  Porpoise.  Proceedings  of  the  Philosophical  Society 
of  Glasgow,  1886. 
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the  ascending  cervical — which  passes  forwards  nearly  to  the  base 
of  the  skull  below  the  cervical  transverse  processes,  and  detaches 
twigs  to  the  cesophagi^,  the  subvertebral  muscles,  the  spinal  cord, 
and  the  dorsal  muscles  of  the  neck. 

Among  the  chelonian  reptiles  a  complication  is  met  with. 
The  subclavian  arises  by  its  ventral  root  and  passes  round  the 
body  wall  in  a  dorsal  direction.  The  dorsal  root  and  some  of  the 
intercostal  arteries  behind  it  have  disappeared,  but  the  circulation 
is  maintained  from  the  ventral  vessel  by  the  anastomosis  in 
the  lateral  body  wall.  The  ventral  vessel  is  therefore  continued 
right  round  the  body  wall  and  terminates  in  the  longitudinal 
anastomotic  chains  which  appear  to  be  continued  forwards  to  the 
head  and  backwards  towards  the  tail  from  a  ventral  subclavian 
artery.  Of  the  three  anastomotic  chains  prolonged  into  the  neck, 
only  one  is  specially  enlarged.  This  vessel  corresponds  to  the 
deep  cervical  of  human  anatomy  and  runs  forwards  among  the 
dorsal  muscles  of  the  neck  to  terminate  in  anastomosis  with  the 
occipital  artery  from  the  carotid. 

Among  the  crocodilian  reptiles  further  complications  are  met 
with.  The  subclavian  arises  by  its  ventral  root,  the  dorsal  root 
being  very  much  reduced  in  size.  The  ventral  subclavian,  as  in 
the  chelonian  passes  right  round  the  body  wall  into  the  longi- 
tudinal anastomotic  chains.  Here,  as  in  the  other  forms,  only 
one  of  the  three  lines  is  specially  enlarged,  and  in  this  case  it  is 
that  between  the  rib  necks  and  transverse  processes,  corresponding 
to  the  human  vertebral  artery.  The  first  parietal  circle  which 
arises  from  the  aorta  is  supplied  to  one  of  the  lower  intercostal 
spaces,  but  an  anastomotic  chain  passes  forwards  from  it,  supplying 
the  spaces  in  front.  This  is  continued  into  the  neck  as  the 
vertebral  artery,  but  it  is  reinforced  at  the  anterior  end  of  the 
thorax  by  a  branch  from  the  subclavian,  coiTesponding  to  the  root 
of  the  deep  cervical  artery  in  the  chelonian  reptiles,  while  in  the 
neck  the  vertebral  artery  receives  a  third  root  from  the  carotid 
portion  of  the  dorsal  longitudinal  vessel,  which  in  crocodiles  and  in 
birds  runs  forward  for  a  considerable  distance  close  to  the  middle 
line  before  dividing  into  its  external  and  internal  branches.  In 
the  crocodile  the  anastomotic  chain  which  forms  the  vertebral 
artery  is  thus  entered  by  three  different  roots. 

The  manner  in  which  the  vertebral  artery  of  the  crocodile  termi- 
nates is  interesting.  It  is  the  only  one  of  the  three  anastomotic 
chains,  which  is  specially  enlarged,  and  in  the  thoracic  portiowol  ^ 
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course  it  gives  off  a  number  of  intercostal  or  parietal  arteries.  In 
the  neck  these  are  still  given  off,  although  much  reduced  in  sixe, 
and  immediately  behind  the  skull  it  ends  in  a  double  manner.  Its 
larger  portion,  like  the  dorsal  branch  of  a  parietal  artery,  ter- 
minates in  anastomosis  with  the  occipital  artery,  resembling  in 
this  respect  the  human  deep  cervical,  while  by  faa  the  smaller 
portion,  after  the  manner  of  the  spinal  branch  of  a  parietal  artery, 
passes  on  to  the  neural  axis  to  anastomose  with  the  internal 
branch  of  the  carotid  artery  like  the  human  vertebral 

In  birds,  as  in  all  the  other  forms  yet  considered,  only  one  of  tiie 
throe  anastomotic  chains  is  specially  enlarged,  and,  as  in  crocodilian 
reptiles,  it  is  the  vei*tebral  artery  which  is  prolouged  into  the  neck. 
The  subclavian  artery  arises  by  its  ventral  root,  and,  as  in  the 
crocodile,  the  vertebral  artery  should  take  origin  by  roots  from  three 
distinct  places,  but  of  these  two  are  so  reduced  in  size  as  to  appear 
absent.  Tlie  main  root  is  that  from  the  carotid  artery,  or,  in  other 
words,  from  the  carotid  portion  of  the  dorsal  longitudinal  vessel, 
Of  the  other  roots,  that  from  the  first  aortic  intercostal  artery  is 
represented  by  a  fine  anastomotic  thread  between  the  two  vessels, 
while  that  from  the  ventral  subclavian  continued  round  the  body 
wall  into  the  anastomotic  chain  is  not  to  be  found.  In  a  number 
of  dissections,  made  for  the  purpose  of  tracing  the  connection 
between  the  subclavian  and  vertebral  arteries,  while  I  was  able  to 
follow  their  branches  into  close  proximity  to  one  another,  I  could 
not  demonstrate  actual  anastomosis.  The  vertebral  artery  of  birds 
terminates,  like  that  of  the  crocodile,  in  a  double  manner,  the 
larger  portion  inosculating  with  the  occipital,  the  smaller  with  the 
internal  carotid  artery. 

In  mammals,  in  which  the  subclavian  arises  by  its  dorsal  root, 
the  type  followed  is  that  of  the  human  subject,  in  which,  as  has 
already  been  explained,  the  three  anastomotic  chains  are  repre- 
sented. The  cetacean  class  forms  an  exception.  Here  both 
ventral  and  dorsal  roots  are  present,  the  branches  to  the  limb 
passing  from  the  ventral  vessel.  From  the  dorsal  vessel,  however, 
two  anastomotic  chains  pass  into  the  neck,  corresponding  respec- 
tively to  the  inferior  thyroid  and  deep  cervical  of  the  human 
subject,  the  vertebral  being  unrepresented. 

There  are  many  varieties  in  the  difierent  groups  of  mammals  in 
the  origin  of  the  vertebral  artery,  but  in  most  cases  it  arises  either 
directly  from  the  subclavian,  or  from  the  aorta  in  its  immediate 
vicinity.     In  the  human  subject,  too,  while  the  vessel  normally 
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takes  origin  from  the  subclavian,  it  is  sometimes  found  springing 
from  the  aortic  arch.  A  very  interesting  relation  of  parts  is 
exhibited  in  a  preparation  of  the  arteries  of  the  hooded  seal 
{Stemmatopus  cristatits)  in  Professor  Cleland's  Museum.  The 
yertebral  artery  (Fl.  YIII.)  in  this  animal,  while  arising  from 
the  subdavian,  is  reinforced  bj  a  considerable  longitudinal  anas- 
tomotic chain  Ijdng  between  transverse  processes  and  necks  of 
libs,  and  springing  from  a  trunk  common  to  the  first  and  second 
aortic  intercostal  arteries.  These  relations  call  to  mind  the 
anatomj  of  the  vertebral  artery  in  the  crocodile,  but  there  is  this 
difference  to  be  noted,  namely,  the  subclavian  artery  of  the  seal  is 
dorsal,  that  of  the  crocodile  is  ventral  in  origin. 

In  the  human  subject  Mr.  A.  M.  Paterson*  has  described  a 
yertebral  artery  arising,  not  from  the  subclavian,  but  abnormally 
from  the  first  aortic  intercostal  artery.  Such  a  case  as  this  is 
obviously  to  be  explained  by  the  failure  of  the  branch  from  the 
subclavian  artery  to  the  vertebral  anastomotic  chain,  which  in 
the  circumstances  has  had  to  depend  for  its  supply  of  blood  upon 
the  next  parietal  circle — the  first  aortic  intercostal. 
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XXVII. —  Note   on  a  Morphological   Peculia/rity  of  Cordyline 
Auatralis,     By  Professor  F.  O.  Bower,  D.Sc,  F.L.S. 


LRead  before  the  Society,  30th  March,  1887.] 


On  numerous  old  plants  of  the  Cordyline  Auairdlia  growing  in  the 
Peradeniya  Gardens  a  morphological  peculiarity  is  to  be  observed 
which  I  am  not  aware  of  having  been  remarked  hitherto.  In  the 
case  of  those  axes  which  grow  erect  nothing  extraordinary  is  to  be 
seen;  but  when,  as  is  often  the  case,  owing  to  the  weight  of  the 
terminal  crown  of  leaves  and  insufficient  strength  of  the  support- 
ing  axis,  the  stem  assumed  an  oblique  or  horizontal  position, 
lateral  shoots  were  to  be  observed  originating  from  the  lower  side 
of  the  main  axis,  and  directed  vertically  downwards.  Their  length 
varied  in  the  cases  observed,  being  sometimes  as  much  as  9  or  10 
inches.  Examination  showed  that  they  bear  numerous  scale 
leaves,  but  never  foliage  leaves.  They  are  also  provided  with 
numerous  small  roots,  which,  in  the  natural  condition,  that  is  to 
say,  as  seen  suspended  in  the  air,  were  never  more  than  about  |^th 
inch  in  length. 

It  seemed  most  probable  that  the  function  of  these  downward- 
growing  shoots  would  be  to  gain  access  to  the  soil,  root  themselves 
in  it,  and  thus  afford  both  mechanical  and  physiological  support 
to  tlie  relatively  weak  main  axis;  but,  unfortunately,  none  of 
them  had  reached  the  soil,  or,  indeed,  were  anywhere  near  it.  I 
accordingly  determined  to  bring  the  soil  up  to  their  level  and  see 
what  the  i*esult  would  be;  and  this  was  done  by  hanging  pots  of 
ordinary  soil  from  the  main  axis  at  such  a  level  that  the  downward 
growing  axis  should  touch  the  soil  or  be  embedded  in  it.  These 
cultures  were  started  on  January  11th,  1886.  Though  the  soil 
was  kept  well  watered  the  progress  of  the  cultures  was  slow,  and 
on  March  3rd,  when  my  visit  to  Pemdeniya  was  drawing  to  a  close, 
the  pots  were  removed,  when  the  results  were  roughly  as  follow : — 

lat  Specimen, — In  this  case  the  tip  of  the  terminal  bud  just 
touched  the  soil,  but  the  bud  was  not  immersed.  No  roots  pene- 
trated the  soil,  and  even  after  the  two  months  the  shoot  was 
hardly  any  longer  than  before.  This  illustrates  the  very  slow 
rate  of  growth  of  these  positively  geotropic  shoots. 
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2nd  Specimen, — The  tip  of  the  bud  was  buried  about  1  inch 
deep  in  the  soil,  and  the  shoot  had  increased  slightly  in  length 
during  the  period  of  the  experiment,  but  did  not  show  any  sign 
of  upward  curvature.  A  strong  root-system,  which  had  been 
developed  from  the  apical  portion  of  the  shoot,  ramified  fireely 
throughout  the  soil  in  the  pot. 

8rd  and  j^ih  Specimens, — The  conditions  were  similar  to  those 
of  No.  2,  and  the  results  were  in  the  main  the  same;  in  both 
cases,  however,  the  terminal  bud  showed  signs  of  an  upward 
curvature,  but  not  sufficient  to  decide  whether  it  would  ultimately 
rise  above  the  soil  as  a  foliage  shoot.  Thus  it  would  appear  that 
when  the  downward-growing  shoots  obtain  access  to  the  soil  they 
form  a  strong  root-system,  at  the  same  time  showing  a  tendency 
to  turn  upwards. 

A  careful  examination  of  the  origin  of  these  shoots  showed  that 
in  all  observed  cases  they  occupy  an  axillary  position.  Of  the 
whole  series  of  axillary  buds  formed  on  the  oblique  main  shoots, 
those  which  are  seated  on  the  upper  surface  and  sides  are  for  the 
most  part  permanently  dormant;  but  those  on  the  lower  surface 
often  develop  as  these  downward-growing  shoots,  either  imme- 
diately, in  which  case  they  burst  through  the  base  of  the  sheath 
of  the  subtending  leaf,  or  they  undergo  at  first  a  period  of 
comparative  dormancy.  They  are  exogenous  in  their  origin, 
though  this  is  in  some  cases  difficult  to  prove,  owing  to  the 
first  leaves  being  almost  completely  sheathing,  and  leaving  only 
a  very  small  aperture.  Thus  a  number  of  sections  might  be  cut 
which  would  not  traverse  the  aperture,  and  these  would  give  the 
impression  of  an  endogenous  origin,  though  a  careful  observation 
of  the  whole  series  of  sections  through  a  bud  would  not  bear  out 
this  conclusion. 

The  roots  which  are  formed  on  these  downward-growing  shoots 
are  of  endogenous  origin.  They  usually  arise  immediately  above 
the  insertion  of  a  leaf,  but  not  in  the  median  plane  of  the  leaf, 
as  is  the  case  with  the  axillary  buds.  They  appear  laterally,  and 
usually  at  points  where  the  margins  of  the  insertion  of  two  leaves 
overlap. 

Taking  all  the  facts  together,  it  is  clear  that  these  pendulous 
shoots  are  the  result  of  the  special  development  of  parts  which, 
in  point  of  origin,  arise  in  the  ordinary  succession.  From  the 
simple  experiment  just  described  it  may  be  legitimately  con- 
eluded  that,  whatever  the  fate  of  their  terminal  buds  may  be,  the 
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function  of  these  downward-growing  shoots  is  to  afford  both 
mechanical  and  physiological  support  to  those  weak  and  obliquely- 
growing  axes  which  are  incapable  of  holding  erect  their  terminal 
tuft  of  leaves;  and  here  it  may  be  i*cmarked  that  the  phenomenon 
is  more  common  in  those  plants  which  had  grown  under  a  dense 
shade.  Under  such  conditions  extreme  growth  in  length  of  axis, 
and  insufficient  thickening,  are  to  be  expected,  and,  consequently, 
in  those  cases  increased  mechanical  support  would  be  more  needed. 
It  is  already  well  known,  and  made  the  more  familiar  from  the 
experiments  of  Sachs  ("  Stoff  und  Form,"  Wiirzburg  Arh,  Il.y 
p.  475,  Ac),  that  Cordylirie,  in  common  with  other  arborescent 
Liliacese,  bears  underground  shoots,  which  grow  vertically  down- 
wards, bear  scale  leaves,  and  give  rise  also  to  numerous  roots. 
To  these,  no  doubt,  the  aerial  shoots  already  described  correspond 
in  their  nature  and  origin,  but  still  their  attachment  at  various 
points  on  the  aerial  shoots  and  their  downward  growth  through 
the  air  give  them  a  special  interest,  while  in  point  of  function 
they  clearly  differ  from  those  shoots  which  are  underground, 
just  as  the  aerial  roots  of  the  Mangroves,  of  Pandanus,  species 
of  FicuSf  Clusia,  «fec.,  differ  in  function  from  the  ordinary  under- 
ground roots  of  those  plants.  In  these  plants,  as  in  Cordyline,  the 
chief  functions  are  those  of  mechanical  as  well  as  physiological 
support.  It  is  to  be  remarked,  however,  that  though  the  result 
in  these  cases  is  the  same,  it  is  brought  about  by  members  of 
a  different  morphological  category,  and  thus  we  have  a  further 
example  of  the  various  adaptability  of  members  to  the  require- 
ments of  the  plant  as  a  whole.  Lastly,  the  case  of  Selaginella 
will  naturally  occur  to  the  mind  in  connection  with  such  a  case 
as  this  of  Cor dy line.  While  the  morphological  character  of  the 
rhizophores  remains  a  puzzle,  still  it  is  clear  that  in  their  function 
as  root-bearing  organs,  while  not  roots  themselves,  they  are  a 
nearer  parallel  to  the  downward-growing  aerial  shoots  of  Cordyline 
than  any  of  the  other  examples  above  cited. 


EXPLANATION  OF  FIGURES. 
Plate  IX. 

fig.  I. — Portion  of  obliquely-growing  axis  of  Cordyline,  bearing  a  lateral 

shoot  directed  vertically  downwards. 
Fig.  n. — Part  of  a  vertically  doMmward-growing  shoot,  after  cultivation 

in  soil  for  about  two  months:  a  strong  root-system  has  been 

developed  from  it. 
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XXVIII. — On  Humholdtia  lauri/olia,  Vahl,  (u  a  MyrmekophihuM 
Plant.     By  Prof.  F.  O.  Bower,  D.Sc,  F.L.S. 


[Read  before  the  Society,  30th  March,  1887.] 


The  subject  of  the  mutual  relations  of  ants  and  plant43,  which  has 
recently  commanded  considerable  attention,  is  by  no  means  a  novel 
one.     The  literature  of  the  subject  dates  from  the  17th  century 
onwards,  and  it  is  quite  possible  that  among  the  accounts  of 
voyages,  still  earlier  references  may  be  found  to  such  phenomena 
which  are  as  easily  observed  as  they  are  interesting.     The  most 
comprehensive  work  on  the  subject  is  one  recently  published  by 
Beccari  (Malesia,  Vol.  II.,  fasc.   i,   il,  1884;  fasa   iii,   1885), 
relating  to  myrmekophilous  plants  of  the  Malayan  and  Papuan 
Archipelago,  of   which   the  most  striking  genera   are  the  now 
familiar  Myrmecodia  and  Hydnophytum,     Of  these  genera  about 
fifty  species  have  now  been  described  by  Beccari  as  affording,  in 
peculiar  cavities  in  the  more  or  less  swollen  stem,  an  asylum  for 
divers  species  of  ants.     Various  other  genera,  however,  of  plants, 
far    removed    from    the    Ruhiaceoi    (eg-,    Legiiminosof,    PcUtncBy 
EuphorhiacecB),  also  afford  shelter  to  ants;  further,  it  b  to  be 
noted  that  the  part  inhabited  is  by  no  means  uniform,  it  being 
sometimes  the  stipular  thorns  {Acacia  corniyera),  sometimes  the 
ochrea  {Kortlialsia),  or  even  the  lowest  pair  of  pinnae  {Calamus 
amplecteiis).      In   considering   the    probable    meaning   of    these 
relations  of  ants  and  plants,  if  we  remember  that  we  have  thus  to 
deal  with  plants  of  very  different  natural  families,  some  of  which 
are  independent,  others  epiphytic,  with  divers  parts  of  those  plants, 
and,  as  stated  by  Beccari,  with  ants  of  different  genera,  it  must,  I 
think,  be  admitted  that  each  example  should  be  studied  separately, 
and  that  the  questions  of  origin  of  the  inhabited  hollows,  and  of 
the  mutual  advantage  from  the  symbiosis,  should  be  considered 
independently  in  each  case. 

It  is  interesting  to  find  in  the  account  of  the  first  voyage  of 
Captain  Cook  (A.D.,  1768-1771),  in  which  he  was  accompanied  hy 
Sir  Joseph  Banks,  the  following  passages,  which  not  only  record 


« 


Prop.  F.  O.  Bower  on  Uunvboldtia  lai(.Hfolia,  Vahl.    321 

the  observation  of  a  myrmekophilous  plant,  but  also  express  a 
view  as  to  the  origin  of  the  symbiosis  in  the  case  observed  (p.  91). 
"  On  another  tree  they  saw  black  ants,  which  perforated  all  the 
twigs,  and  after  they  had  eaten  out  the  pith,  formed  tlieir  lodging 
in  the  hollows  which  contained  it,  yet  the  trees  were  in  a  flourishing 
condition;"  and  again,  on  p.  118-119,  in  describing  the  diifferent 
sorts  of  ants  observed,  wo  find — **  the  second  species  of  ants  here 
are  black,  and  live  in  the  inside  of  the  branches,  after  they  have 
worked  out  tlie  pitli."  These  observations  were  made  near  Cape 
Capricorn,  on  the  East  coast  of  Australia,  of  which  I  understand 
that  Humboldtia  laurifoUa  is  not  native,  though  the  description 
might  well  apply  to  it,  with  the  exception  of  the  point  that  the 
ants  take  the  initiative  in  the  perforation  of  the  stems.*  In  the 
case  of  Humboldtia,  as  we  shall  presently  see,  it  is  probable  that 
the  ants  assist  in  the  hollowing  out  of  the  interned es;  still  the 
plants,  by  a  peculiarity  of  their  development,  take  the  initiative, 
and  offer  to  the  ants  an  opportunity  of  accommodation  of  which 
they  are  not  slow  to  avail  themselves. 

With  regard  to  the  views  more  recently  propounded  as  to  the 
relations  of  the  ants  and  plants,  it  may  be  briefly  stated  that, 
from  a  study  of  Myrniecodia,  Treub  came  to  the  conclusion  that 
the  galleries  which  permeate  the  swollen  stem  are  formed  naturally 
by  the  plant,  not  by  the  auts,  and  that  they  are  merely  useful  to 
the  plant  as  bringing  about  a  sort  of  ventilation  of  the  inner 
tissues ;  further,  that  the  ants  find  in  them  convenient  house- 
room.  Beccari,  on  the  other  hand,  holds  that,  in  this  instance, 
the  presence  of  the  ants  is  necessary,  even  in  the  young  ger- 
minating plants,  to  produce  by  their  constant  gnawing  a 
stimulation  of  the  tissues,  which  shall  result  in  the  formation 
of  a  succulent  swollen  stem,  to  serve  in  the  dry  season  as  a 
store  of  fluid.  Bearing  these  conflicting  views  in  mind,  we  may 
now  pass  on  to  consider  the  plant  which  is  the  subject  of  this 
paper,  and  inquire,  1st,  into  the  origin  of  the  cavities;  2nd, 
into  the  relations  which  subsist  between  the  ants  and  the  plant. 

During  a  recent  visit  to  Ceylon,  my  attention  was  drawn  by 
Dr.  Trim  en  to  the  plant  UumlokUia  laurifolia,  a  native  of  Ceylon 
and  the  Malabar  coast.  In  this  tree  the  internodes  of  the  higher 
twigs  are  enlarged,  and  are  hollow  when  mature,  the  cavities  being 
constantly  inhabited  by  small  black  ants. 

*  The  geuus  IJumholdtia  is  a  small  ouc,  one  species  being  native  of  tropical 
Africa,  the  rest  of  Ceylon,  and  the  Indian  peninsula. 
Vol.  XVin.  x 
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Taking  a  young  shoot  of  the  cuiTent  year,  the  lowest  intemodes 
of  the  stem  appear  normal,  but  the  upper  ones  are  enlarged,  so 
as  to  assume  an  obconical  form,  and  a  length  of  3-6  inches.  In 
quite  young  shoots  these  internodes  will  be  found  to  be  solid  and 
filled  with  a  healthy  and  bulky  pith.  As  the  intemode  grows 
older,  a  longitudinal  slit  appears  at  its  upper  extrcmity,  and 
situated  between  the  large  foliaceous  stipules,  on  the  side  of  the 
axis  opposite  to  the  insertion  of  the  leaf.  Usually  io  does  not 
occupy  an  exactly  median  position  between  the  two  stipules,  but 
appears  either  on  one  side  or  the  other  of  a  vascular  bundle 
.which  runs  up  the  intemode  and  occupies  the  median  line. 
Externally  the  slit  appears  about  ^-inch  in  length;  its  margins 
are  slightly  irregular,  and  as  the  iuternode  grows  older  they 
j^rotrude  outwards,  while  the  tissue  of  the  pith  within  frequently 
shows  a  convex  bulging.  These  points  lend  probability  to  the 
view  that  the  slit  is  produced  by  longitudinal  rupture  of  the 
tissues,  owing  to  pressure  from  within  rather  than  injury  from 
without.  This  view  is  supported  by  the  appearance  presented  by 
sections  cut  so  as  to  pass  transversely  through  the  lips ;  in  these 
the  edges  of  the  slit  show  an  irregular  outline,  the  irregularities 
of  the  two  sides  often  corresponding  to  one  another.  This  clearly 
points  to  rupture  as  the  origin  of  the  slit,  and  not  gnawing  from 
without.  No  traces  of  the  latter  have  been  observed  on  the  slits 
on  young  intemodes.  Further  support  of  this  view  may  be 
obtained  from  the  study  of  transverse  sections  of  the  young  stem 
at  the  level  where  the  slit  would  appear :  these  show  that  the 
band  of  tissues  outside  the  pith  is  narrowest  at  that  side  of  the 
stem  where  the  slit  appears,  and  it  is  presumably  there  that  the 
least  resistance  to  internal  tension  would  bo  found.  Judging 
from  the  width  of  the  band  of  tissues,  the  point  of  least  i^esLstance 
is  on  one  side  or  other  of  the  large  median  bundle,  and  that  is 
the  very  point  where  the  slit  is  actually  formed;  thus,  there  is 
an  a  jjriori  probability  that  the  slit  is  due  to  rupture,  and  this 
is  in  complete  accord  with  the  observations  on  slits  recently 
formed.     (Fig.  IX.,  Plate  X.) 

Shortly  after  the  slit  appears,  the  pith  of  the  corresponding 
intemode  turns  brown,  and  often  becomes  partially  separated 
during  the  elongation  of  the  intemode  into  transverse  diaphragms. 
It  is  apparently  after  this  change  has  taken  place  that  the 
ants  begin  their  work.  Notwithstanding  the  formation  of  a 
callus    which  would  tend  to  close  the  slit,  the  ants  continue  to 
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gain  access  through  it  to  the  pith  within :  this  in  its  partially 
decomposed  and  brown  condition  thej  remove,  and  I  have  no 
doubt  that  they  engage  themselves  actively  in  this  duty,  since, 
close  by  the  slit  in  intemodes  of  a  suitable  age,  I  have  repeatedly 
found  small  heaps  of  the  brown  substance,  which  cannot  but  be 
recognised  as  the  pith  removed  from  the  hollow  intemode.  This 
clearing  of  the  pith  while  the  internode  itself  is  extending  results 
in  the  formation  of  a  hollow  space  of  considerable  size,  in  which 
the  ants  are  to  be  found  in  large  numbers,  while  they  may  con- 
stantly be  seen  entering  and  passing  out  by  the  slit :  this  ultimately 
assumes  an  almost  circular  form  with  rounded  callous  lips.  The 
corky  development  of  callus  at  the  lips  is  extended  further  into  the 
cavity  so  that  the  whole  is  finally  lined  by  a  corky  layer,  similar 
to  that  described  for  the  galleries  of  Mynnecodia.  It  would  thus 
appear  from  the  study  of  their  development  that  the  ants  do  not 
take  the  initiative  in  the  formation  of  the  cavities,  as  implied  in 
the  case  described  in  "Cook's  Voyages,"  but  are  ready  to  take 
advantage  of  and  improve  upon  certain  natural  peculiarities  of 
development  of  the  plant  itself. 

Of  the  myrmekophilous  plants  cited  by  Beccari,  that  most  nearly 
corresponding  to  Uumholdtia  is  Clerodendron  Jistulosum^  a  new 
species ;  here  also  the  internodes  are  swollen,  and  hollowed,  and 
inhabited  by  ants,  which  gain  access  to  the  interior  of  the  slit-like 
holes,  two  of  which  are  situated,  one  on  either  side,  at  the  upper 
end  of  each  internode.  Beccari  is  of  opinion  that  both  the  swollen 
form  of  the  intemodes  and  the  firat  origin  of  the  holes  have  become 
inherited  characters  of  the  species,  as  an  adaptation  to  the  require- 
ments of  the  protecting  ants.  Somewhat  similar  slit-like  holes 
are  to  be  found  in  Myristica  myrmecophila^  also  a  new  species.  The 
form  of  the  oiifice  in  this  case  also  would  suggest  that  the  initiative 
in  their  formation  is  taken  by  the  plant. 

Another  somewhat  similar  case  has  been  recognised  by  Burbidgo 
in  North  Borneo,  and  specimens  are  lodged  in  the  British  Museum : 
it  is  in  Nepenthes  hicalcarata  in  which  the  cylindrical  portion  of 
the  leaf  immediately  below  the  urn  is  perforated  by  a  round  hole, 
which  leads  into  a  central  cavity,  in  which  it  is  stated  that  ants 
find  a  home.  On  examining  a  living  plant  of  this  species  at  Kew, 
there  are  to  be  seen  lenticel-like  spots,  which  might  very  well  serve 
as  starting  points  for  the  ants  to  perforate  the  more  resistant  outer 
tissues ;  but  in  the  case  of  the  plant  at  Kew,  no  open  channels 
were  seen,  so  that  we  may  conclude  that  here  again  the  ants  do 
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not  find  their  homes  ready  made,  but  take  advantage  of  facilities 
offered  by  the  plant,  which  they  then  turn  to  their  own  uses. 

Returning  now  to  Uumboldtia  lauri/olia,  there  are  seated  at  the 
base  of  the  leaf-stalk  large  foliaceous  stipules  of  peculiar  form. 
These  consist  of  two  parts  on  either  side — 1st,  a  lower  sagittate 
portion,  with  a  rather  broad  oblique  insertion,  and  having  4-6 
dark-looking  glands  on  the  upper  surface;  and,  2nd,  an  ovate- 
lanceolate  portion,  also  with  a  broad  insertion,  and  having  one  or 
more  glands  seated  irregularly  on  the  lower  surface,  near  to  the 
apex.  Though  in  the  mature  state  these  present  the  appearance 
of  two  distinct  pairs  of  appendages,  the  one  pair  being  inserted 
above  the  other,  a  study  of  their  development  leads  to  the 
conclusion  that  they  originate  from  only  two  outgrowths  from  the 
base  of  the  phyllopodium,  which  appear  before  the  pinnae,  and  may 
themselves  be  regarded  as  pecularly  developed  **  basal  pinnae." 
They  are  from  the  first  flattened ;  the  apical  growth  is  at  first 
the  strongest,  but  later  a  basal  gi'owth  begins,  resulting  in  the 
formation  of  basal  flaps,  directed  downwards.  These  soon  assume 
the  sagittate  form,  and  develop  the  glands  on  their  upper  surfa<;e  : 
they  are  thus  to  be  regarded  merely  as  basal  appendages,  or 
auricles,  attached  to  the  peculiarly-formed  stipules,  the  upper  limbs 
of  which  grow  up  meanwhile  and  enclose  and  protect  the  young 
apical  bud.  Though  differing  slightly  in  the  details  of  their  con- 
formation, these  basal  flaps,  or  auricles,  may  be  compared  with 
those  appendages  to  be  found  attached  to  the  bases  of  the  sepals  of 
the  common  pansy  (Viola  tricoloi'):  the  mode  of  development 
appears  also  in  this  case  to  be  fundamentally  the  same. 

The  glands  above  mentioned  are  of  considerable  size  and  dark 
colour :  those  on  the  stipular  auricles  are  arranged  in  a  row  on 
the  upper  surface,  near  the  insertion,  and,  accordingly,  are  close  to 
the  hole  by  which  the  ants  enter :  those  on  the  limbs  of  the  stipules 
and  those  which  are  also  found  in  small  numbers  on  the  pinnte, 
open  upon  the  lower  surface,  and  are  situated  near  to  the  apex  of 
each,  being  variable  both  in  number  and  position.  As  regards 
their  structure,  the  glands  when  mature  are  slightly  depressed, 
the  depression  being  surrounded  by  a  projecting  lip.  The  glandular 
tissue  itself  is  an  almost  spherical  mass  of  small  thin-walled  cells, 
with  large  nuclei  and  plentiful  protoplasm  :  this  mass  is  limited  by 
a  somewhat  irregular  sheath  of  brownish  cells,  and  it  is  derived 
partly  from  the  dermatogen  (which  divides  here  both  peri-  and 
anti-ciinaiJy),  but  chiefty  irom  Wie  awXi^-aiCi^ivt  tissues.     There  is  no 
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development  of  glandular  hairs  on  the  surface  of  the  gland.  This 
description  will  suffice  to  show  that  the  structure  of  these  glands  is 
different  from  that  of  the  stipular  glands  of  Vicia.  Unfortunately, 
when  on  the  spot,  I  did  not  observe  the  movements  of  the  ants 
with  regard  to  the  glands,  and  am  therefore  not  in  a  position  to 
state  whether  their  secretion  is  actually  made  use  of  by  them ;  but 
if  we  remember  parallel  examples  of  myrmekophilous  plants,  it 
would  seem  very  probable  that  this  is  the  case. 

It  has  been  pointed  out  in  other  examples  of  these  peculiar 
relations  of  ants  and  plants  that  the  advantages  of  the  symbiosis 
are  mutual ;  thus,  in  A  cacia  cornigeraj  while  the  ants  gain  both 
food  and  lodging  from  the  plant,  they  are  said  to  afford  it  protection 
against  another  kind  of  ant  which  gnaws  the  tissues :  it  may  then 
be  asked — Is  the  advantage  mutual  in  the  case  of  Uumholdtia 
laurifolia  also  ?  Though  I  am  not  in  a  position  to  deny  it,  I  have 
no  reason  to  think  that  it  is.  Whatever  may  be  the  relation  of  the 
ants  to  other  animals,  they  may  be  allowed  to  run  freely  over  the 
human  hand  without  discomfort,  even  when  they  have  been  rudely 
disturbed  in  their  homes ;  thus  their  presence  cannot  be  considered 
as  genei-ally  protective.  Fui-ther,  it  has  been  suggested  by  Beccari 
that  in  Myrmecodia  the  peg-shaped  or  wart-like  projections,  which 
protrude  into  the  galleries,  have  an  absorbing  function,  and  that 
they  are  of  advantage  in  taking  into  the  plant  and  utilizing  the 
refuse  of  the  ants.  However  that  may  be  in  the  case  of  Mynnecodia, 
we  find  no  such  structure  in  Humholdtia  to  which  any  such 
function  can  be  ascribed :  in  brief,  the  presence  of  the  ants  does 
not  in  this  case  appear  to  be  any  advantage  to  the  plant.  But  on 
the  other  hand,  the  advantages  to  the  ants  are  obvious :  not  only  are 
they  provided  with  house-room  at  a  very  slight  expense  of  labour 
to  themselves,  but  it  may  be  fairly  as.siimed  that  from  the  glands 
on  the  stipules  and  leaves  they  derive  a  supply  of  food-stuffs. 
Taking  all  the  facts  into  consideration,  I  am  inclined  to  think  that 
in  Ilumboldtia  the  plant  offers  fortuitous  hospitality,  which  is 
eagerly  accepted  by  the  ants.  This  conclusion  would  be  in  accoi*d- 
ance  with  that  of  Treub  in  the  case  of  Myrmecodia^  but  would  not 
accord  with  the  views  of  Beccari,  recently  expressed,  as  to  the 
relations  of  ants  and  plants,  namely — that  the  glandular  and  other 
developments  taken  advantage  of  by  ants  are  an  inherited  response 
to  stimuli  originating  by  the  gnawing  action  of  the  ants  themselves 
in  former  periods.  As  against  this  view  it  may  be  mentioned 
that  glandular  developments  are  frequently  to  Vj^  iw«A  ^tl  "Ocka 
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leaves  of  plants  without  any  apparent  relation  to  the  visits  of 
insects.  We  have,  as  far  as  I  am  aware,  no  evidence  that  glandular 
developments  do  follow  continued  and  repeated  gnawing,  while 
rupture  of  tissues  occurs  not  unfrequently,  especially  in  fruits  and 
succulent  shoots,  without  such  relation.  It  api>ears  to  me  more 
probable  that  the  presence  of  glsaids  and  convenient  ruptures  of 
the  out<3r  tissues  are  i\  strange  coincidence,  rather  than  due  to 
any  deeper  cause,  and  that  the  ants  have  not  been  slow  to  turn 
the  coincidence  to  their  own  uses. 


DESCRIPTION  OF  THE  FIGURES. 
Plate  X. 

Fig.  I .  — luteinode  of  Humboldt ia :  si  =  stipules ;  « = stem  ;  en = entrance 

to  hollou' ;  7t  =  hollow  (natural  size). 
Fig.  II. — Internode  halved  longitudinally:  j7i=glands;  pA=pbyllopodium 

(natural  size). 
Fig.  III. — Part  of  a  young  internode  not  yet  hollowed. 
Figs.  IV. -VIII. — Various  stages  of  development  of  the  leaf,  illustratiog 

the  mode  of  formation  of  the  stipules  (x  25). 
Fig.  IX. — Transverse  section  through  a  young  slit,  showing  signs  of  its 

origin  by  rupture  of  the  tissues. 
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XXIX. —  On  Biological  Teaching  in  Germany  and  in  this  Country: 

By  J.  H.  FuLLARTON,  M.A.,  B.Sc. 


[Read  before  the  Society,  4th  May,  18S7.J 


On  eveiy  haiid  we  are  heaiing  of  the  sui)eriority  of  the  Technical 
and  Scientific  Education  of  Germany  over  that  in  Britain,  and  our 
prophets  are  picturing  a  somewhat  dismal  future  for  those  branches 
whose  advance  is  clearly  bound  up  with  the  progress  of  science. 
It  is  not  my  province,  did  I  even  find  myself  capable  of  forming  a 
judgment  on  the  great  technical  problems  which  commercial  men 
are  endeavouring  to  solve,  to  enter  on  this  vast  subject.  But 
there  are  other  questions  which  equally  concern  the  welfare  of  the 
community,  where  it  is  advisable  that  those  engaged  in  biological 
studies  should  be  heard.  Such  questions  naturally  recur  to  us,  as 
where  the  health  of  a  people  is  affected  directly  by  the  presence  of 
animal  and  vegetable  parasites.  The  increase  of  the  food  supply, 
as,  for  example,  in  the  productiveness  of  the  sea  fauna,  or  in  the 
efforts  for  combating  the  ravages  of  such  funguses  as  the  potato 
fungus  or  the  salmon  fungus,  is  intimately  connected  with  our 
pi-osperity  as  a  nation.  The  examination  of  our  cereals,  so  that 
only  those  which  will  yield  the  greatest  number  of  fertile  seeds, 
enabling  us  thereby  to  utilise  the  less  fertile  in  other  ways,  can 
only  be  undeitaken  by  a  biologist  who  is  skilled  in  botanical 
science.  That  it  is  therefore  of  the  first  importance  that  we 
should  foster  all  sciences  which  will  help  us  to  attain  to  a  solution 
of  problems  like  these,  is  admitted  by  all  whose  minds  are  alive  to 
the  magnitude  of  the  interests  involved. 

What  I  have  to  say  as  regards  the  educational  facilities  afforded 
in  Germany  and  in  this  country  will  be  chiefly  directed  to  the 
zoological  side  of  the  question;  and  for  the  sake  of  comparison,  1 
will  select  a  well-equipped  university,  such  as  that  of  Leipzig, 
the  number  of  whose  students,  3,108  in  1885-6,  is  a  medium  bet»v(e«v\ 
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that  of  Glasgow,  2,241,  and  of  Edinburgh,  3,535,  during  the 
corresponding  period.  As  regards  the  number  pursuing  medical 
studies,  Glasgow  and  Leipzig  are  equal — with  about  700  in  each 
university.  Besides,  I  am  more  convei'sant  with  the  conditions  in 
the  last  two  named  from  a  residence  at  each. 

The  two  greatest  of  the  Scottish  schools  have  always  complained 
of  a  lack  of  accommodation,  although,  sixteen  years  ago  Glasgow 
became  possessed  of  its  magnificent  new  pile,  with  its  greatly 
enlarged  class-rooms,  and  Edinburgh,  still  more  recently,  of  the 
most  spacious  rooms  and  laboratories  in  the  United  Kingdom. 

The  growth  of  the  Geniian  universities,  especially  of  Berlin  and 
Leipzig,  since  the  close  of  the  Franco-Prussian  war,  has  taken  place 
very  rapidly ;  and  now,  in  Leipzig,  the  Zootomiail  Institute  is 
possessed  of  three  laboratories  and  as  many  lecture  rooms,  besides 
a  splendid  museum  and  a  series  of  workrooms.  In  Glasgow, 
unfortunately,  it  is  impossible  to  find  room  in  the  museum  for  the 
exhibition  of  the  unrivalled  collection  of  Hunter's  dissections, 
most  of  which  are  confined  to  an  upper  room.  It  is  unfortunate 
that  the  University  cannot  supply  room  for  exhibiting  the  whole 
of  this  magnificent  collection  which,  together  with  the  accumula- 
tions since,  exceed  in  value  a  quarter  of  a  million  sterling.  But 
the  disparity  in  the  space  allotted  to  each  is  greatly  accentuated 
when  we  consider  the  staff  which  Leipzig  and  Glasgow  i-espectively 
possess.  In  Leipzig,  the  Zootomical  Institute  is  presided  over 
by  a  Director,  who  is  also  Professor  Ordinarius  of  Zoology  and 
Zootomy.  Besides  the  ordinary  professor,  who  lectures  during 
one  semester  on  Comparative  Anatomy,  and  on  General  Zoology 
during  the  other,  in  the  semester  of  1886-7  it  had  a  Professor 
Extraordinarius  of  Comparative  Embryology,  who  demonstrated 
and  lectured  on  Vertebrate  Embryology,  and  also  delivered  a  course 
of  lectures  on  the  Descent  of  Man;  a  second  Professor  Extra- 
ordinarius, who  selected  for  treatment  the  special  anatomy  of  half 
of  the  Vertebrata,  and  also  delivered  two  lectures  weekly  on  the 
Darwinian  Theory;  a  Docent,  since  promoted  to  be  a  Professor 
Extraordinarius,  who  lectured  on  Embryology  and  conducted  a 
practical  course  of  Comparative  Histology.  Besides  these,  the 
following  also  were  engaged  in  teaching  in  the  University: — A 
Professor  Extraordinarius,  who  lectured  on  the  Anatomy  of  the 
Domestic  Animals,  on  theories  of  Animal  Breeding,  and  also  on  the 
Geographical  Distribution  of  Animals;  and  a  Privat  Docent  who 
dealt  with  the  Paheontology  of  the  Invertebrates. 
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Setting  these  forth  in  tabulated  form,  we  have,  therefore,  the 
following  equipment  for  the  winter's  Zoological  work : — 

1.  Professor  Ordinarius,     .    .    Comparative  Anatomy,     .    .    .  Lectures  0  Hours  Weekly. 

Zoological  and   Zootomical  La- 
boratory, M'ith  Assistant.  .    .  Practical  G  ]>u\  m. 
3.  Professor  Extraordinarius,     Comparative  Embryology,      .    .  Practlcol  <»  Houi-s  Weelcly. 

Descent  of  Man,  II lA'cturcs  1       ., 

3.  ^Professor  Extraordinaiius,    Special  Zoology  of  Vertebrates, .  Lectures  6 

Darwinian  Thcorj', Lectures  2      „         ., 

4.  Professor  Extraordinaviu^,    Embryology, Lectures  'i 

Comparative  Ilistolopy,     .     .    .    Practical  6-9    .. 

5.  Professor  Extraordinarius,    Anatomy  and  Physiology  of  Do- 

mestic Animals, Lccturcb  4       ,,         ., 

(jeofjrnipliical     Distribution     of 

Animals, Lectni-es  2  ., 

Theories  of  Animal  Breeding,  .  Lectures  *J 

6.  Prirat  Doctnt^     ....    Palaontology  of  Invertebrates,    .  Lectures  :» 

In  addition  to  the  above  facilities  for  the  study  of  Zoology,  we 
have  in  the  Anatomical  Institute  two  Professors  (Ordinary)  and 
one  Docent,  who  teaches  Histology ;  in  the  Physiological  Institute 
two  Professors  and  two  DoceMs  who  teach  Physiology,  Physiological 
Chemistry,  and  Histology;  and  in  the  Botanical  Institute  four 
teachers  who  deal  with  Morphological  and  Physiological  Botany. 

If  we  contrast  the  zoological  equipment  of  Leipzig  with  that  of 
Glasgow,  we  find  that  against  the  live  professors,  one  docent,  and 
one  assistant,  we  have  a  staft*  of  one  professor  and  one  demon- 
strator or  assistant.  The  professor  is  compelled  also  to  teach 
geology,  and  to  superintend  the  magnificent  collection  of  zoo- 
logical and  geological  specimens,  and  be  a  constant  source  of 
reference  on  numismatic  and  bibliographic  matters. 

But,  over  and  above,  the  whole  equipment  is  provided  by  the 
University  of  Leipzig,  which  is  very  liberally  subsidised  by  Govern- 
ment, receiving  the  sum  of  £40,000 — more  than  the  four  Scottish 
Universities  taken  together  receive  from  the  National  Exchequer. 
In  Leipzig  the  matenal  for  use — instniments,  microtomes,  micro- 
scopes, incubators,  and  tanks — is  provided  by  the  University,  while 
in  Glasgow  the  professor,  whose  salary  does  not  equal  the  German 
ordinary  professor,  furnishes  all  such  himself. 

As  a  consequence  of  the  splendid  fixcilities  afforded  for  instruction 
in  such  a  great  number  of  subjects,  some  of  which  are  not  taught 
in  any  of  our  universities,  it  need  not  surprise  us  that  British, 
American,  and  Russian  students,  and  others  from  the  Balkan  pro- 
vinces, when  they  desire  to  study  the  higher  branches  of  science, 
migrate  to  some  German  university  where  there  is  some  likelihood 
of  having  their  wishes  gratified.     In  no  British  university,  so  far 
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as  I  know,  can  you  find  representatives  of  so  inany  nationalities 
as  you  will  meet  with  at  a  German  university.  The  Americans, 
perhaps,  moi*e  than  any  other  foreign  nation,  take  advantage  of  the 
opportunities  open  to  them,  and  it  does  not  require  much  insigni 
into  their  college  system  to  trace  how  they  have  profited  by  their 
German  residence. 

As  in  other  countries,  so  in  Germany,  the  work  carried  on  hy 
the  students  is  with  a  view  to  a  degree.  The  German  student 
enters  his  university  in  a  fitter  state  to  profit  by  the  instruction 
there.  Not  only  does  his  study  in  the  Gymnasium  and  Realschule 
last  for  a  greater  number  of  years  than  does  that  of  an  academy 
boy  in  Scotland,  but  it  is  carried  to  a  still  higher  standard  than  in 
the  case  of  a  boy  preparing  for  the  univei*sity  in  this  country.  To 
prevent  the  entrance  of  too  raw  material  into  the  precincts  of  the 
university  the  German  has  to  produce  his  Ahgangs-Zeugniss  from 
the  secondary  school.  As  a  general  rule,  the  German  does  not  enter 
the  university  till  he  has  attained  at  least  eighteen  years  of  age.  The 
degree  of  Ph.D.  is  open  to  biological  students  in  the  department  of 
natural  science.  The  length  of  time  spent  within  the  university 
previous  to  obtaining  this  honour  is  generally  three  years,  and  during 
thai  ixjriod  a  student's  time  is  devoted  to  the  study  of  one  subject 
— a  major — in  which  he  is  expected  to  make  some  solid  contribution 
to  a  knowledge  of  the  science.  He  must  write  a  thesis  embodying 
the  results  of  his  investigation  preparatory  to  his  oral  examination 
in  the  same  subject.  Besides,  he  must  undergo  an  oral  examina- 
tion in  two  minors.  In  natural  science  he  can  take  any  three  of 
the  following: — zoology,  mineralogy  (including  geology),  chemistry, 
physics,  botany.  He  selects  one  as  major  and  any  other  two  as 
minors.  In  the  whole  course  specialization  is  carried  out.  But 
specialization  in  the  case  of  the  German  student  is  not  so  hurtful 
as  it  would  be  in  the  case  of  the  student  in  a  Scottish  university, 
as  the  latter  is  not  nearly  so  well  equipped  at  the  commencement 
of  his  university  course  as  the  German.  In  consequence  of  this 
specialization  under  the  fostering  care  of  such  a  large  staff  as  exists 
in  the  different  institutes  of  the  imivcrsities,  the  Germans  lead  the 
world  in  scientific  knowledge.  From  the  laboratory  of  Leipzig 
alone  has  come  the  greater  share  of  our  knowledge  of  the  life- 
history  of  most  of  our  Entozoa,  Of  the  additions  which  this 
university  has  made  to  our  knowledge  of  the  bladder  and  tape- 
worms, and  of  such  diseases  as  trichinosis,  the  Germans  may  well 
feel  proud.      But  the  work  of  the  laboratory  is  helped  by  the 
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connection  which  subsists  between  the  dilierent  German  states 
and  such  marine  stations  as  the  magnificently-equipped  one  at 
Naples.  Naples  Marine  Biological  Station,  where  work  is  earned 
on  both  in  morphology  and  physiology,  is  chiefly  supported  by 
Germany  and  Italy.  The  Geiuian  graduate  who  wishes  to  further 
his  work  in  zoology  may  go  to  Naples;  or,  if  he  be  a  student  of 
Vienna  University,  the  marine  station  at  Trieste,  which  is  asso- 
ciated with  this  university,  presents  great  inducements  and 
opportunities  for  work. 

In  Britain,  the  new  station  at  Plymouth  should  bo  of  great 
assistance  to  the  science  of  zoolo^jv.  In  Scotland  we  have 
ali*eady  a  few— ,onc  at  Granton,  connected  with  the  Meteorological 
Society — one  at  Rothesay,  connected  with  the  Fishery  Board ;  and 
an  attempt  is  being  made  to  start  one  in  the  Hebrides  at  Loch  Buie, 
in  MulL  In  all  our  Scottish  stations  the  complaint  is  as  to  the 
lack  of  funds  to  support  them.  AVhen  we,  however,  view  the 
work  which  such  marine  stations  are  accomplishing  for  the 
Fisheries  Commission  of  the  United  States,  wo  may  well  envy 
the  considerate  manner  in  which  the  Government  there  treats  its 
scientific  departments. 

In  this  country  there  is  a  vast  field  awaiting  inquiry,  the  problems 
of  which  can  only  be  solved  by  the  aid  of  the  Government.  We  have 
such  questions  regarding  the  life-histories  of  our  fiKhes,  as  the  con- 
ditions determining  the  presence  of  fish  on  our  coasts,  how  these  are 
dependent  on  temperature,  current,  amount  of  sea- weed,  and  number 
of  molluscan  and  crustacean  larva;  affording  food  to  the  fishes. 

All  these  questions  are  bound  up  together  and  are  interdepen- 
dent on  one  another.  In  our  fisheries  we  require  tmined  assistants 
who  would  be  helpful  to  them  as  the  chemist  is  to  the  manu- 
factory. We  cannot  expect  to  rear  such  unless  something 
like  equal  opportunities  are  given  to  the  Scottish  student  of 
zoology  as  the  Gennan  already  possesses.  What  is  wanted  in  the 
Scottish  universities  is  not  so  much  increased  accommodation — 
though  this  is  to  be  greatly  desired — as  an  increase  in  the  teaching 
staff.  Everything  in  biology  is  sacrificed  to  the  medical,  and  too 
little  encouragement  is  given  to  the  student  of  science.  If  we 
are  to  keep  pace  with  the  times  we  live  in,  and  assist  in  solving 
the  questions  regarding  disease  and  food  supply  which  are  being 
forced  on  the  attention  of  biologists,  it  behoves  us  not  to  view 
with  calm  indifference  the  comparative  neglect  of  the  claims  which 
Bioloi:it.al  Science  is  making  upon  us. 
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XXX. — On  the  Physical  Conditions  of  the  Wat^r  in  the  Clyde 
6*ea-Area,     By  Hugu  Robert  Mill,  D.8c.,  F.R.S.E,  F.C.S., 

of  the  Scottish  Marine  Station. 


[Read  before  the  Society,  16th  Februan'.  1SS7.] 


In  a  paper*  read  before  this  Society  on  31st  ^(^rch,  1886,  Mr. 
John  Murray  discussed  the  temperature  conditions  of  the  eastern 
part  of  the  North  Atlantic,  and  took  occasion  to  \K>mt  out  that 
we  were  in  almost  complete  ignorance  as  to  the  annual  changes  of 
sea  temperature  in  the  channels  and  deep  lochs  connected  with  the 
Fii-th  of  Clyde.  Struck  by  the  great  importance  of  an  exact 
knowledge  of  these  conditions,  Mr.  Murray,  as  Director  of  the 
Scottish  Marine  Station,  organised  and  personally  superintended 
a  series  of  cruises  at  various  seasons,  in  the  course  of  which 
numerous  observations  were  made.  The  results  of  these  cruises  in 
a  general  form  are  embodied,  so  far  as  temperature  is  concerned, 
in  the  present  paper.  It  was  my  good  fortune  to  take  part  in 
nearly  all  the  work  to  be  described,  and  we  wei'e  assisted  also  on 
several  trips  by  Mr.  J.  T.  Morrison,  and  on  one  by  Mr.  H.  N. 
Dickson. 

(Observations  on  the  temperature  of  enclosed  and  partially 
enclosed  seas  in  Northern  Europe  have  been  made  by  many 
investigators.  The  princii)al  work  has  been  done  on  the  Baltic 
and  North  Sea  by  the  German  Government  and  the  Governments 
of  the  Scandinavian  nations.!  Reference  may  also  be  made  to  the 
work  of  the  British  Government  and  the  Norwegians  in  the  Fferoe 
Channel't  and  North  Atlantic,  §  to  the  observations  on  estuaries 

*  '^Oii  the  Physical  aud  Biological  Conditions  of  the  Seas  and  Estuaries 
about  North  Britain." 

t  See  the  publications  of  the  Commission  in  Kiel  for  exploring  the  German 
Seas,  the  report  of  the  voyage  of  the  Fommerania  in  1872,  and  that  of  the 
Drache  in  1882-84,  published  by  the  German  Government.  Also  Ekman's 
Hydrographic  Investigations,  published  in  Sweden. 

X  Thomson's  Depths  of  the  8ea,  1871.  Work  of  the  KnUjht  Errant  aud 
Triton,  Proc.  R.S.E.,  1881-82. 

§  Puhlicationa  of  Xorwegiau  North  Sesb  Expedition,  Christiania. 
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carried  on  by  the  Scottish  Marine  Station;*  and  to  the  observa- 
tions on  Loch  Lomond  and  other  deep  Scottish  Likes,  which  were 
commenced  long  ago  by  Christison,  and  have  since  been  carried 
on  systematically  for  some  yeara  by  Mr.  J.  Y.  Buchanan,!  with 
the  assistance  latterly  of  Mr.  Morrison  and  myself.  The  conditions 
of  fresh- water  lakes  difter  from  those  in  sea  lochs,  chiefly  od  account 
of  the  greater  density  of  sea  water,  and  the  tidal  influences  in  the 
latter,  and  because  of  the  phenomena  of  the  maximum  density 
point  of  fresh  water. 

An  exhaustive  treatment  of  the  "  Physical  Conditions  of  the 
Water  in  the  Clyde  Sea-Area,"  requires  at  least  six  difierent 
branches  of  investigation.     These  may  be  indicated  as  follow ; — 

L  Contiguration,  and  geological  conditions  of  the  area. 

2.  Salinity  and  chemical  composition  of  the  water  at  diflferent 
places  and  at  various  depths. 

3.  Volume,  velocity,  and  temperature  of  all  the  rivers  entering 
the  sea-area ;  and  the  seasonal  vaiiation  of  these. 

4.  General  meteorology — Rainfall,  pi'evailing  >^inds,  tempera- 
ture of  air,  total  sunshine. 

5.  The  tides — Direction  and  velocity  of  tidal  currents  and 
amount  of  rise  and  fail. 

6.  Temperature  of  the  water  at  all  depths,  in  all  parts  of  the 
area,  and  at  all  times  of  year. 

Once  these  data  were  ascertained,  the  amount,  source,  and 
destination  of  all  the  heat  involved  in  summer  and  winter  changes 
could  be  accurately  determined,  and  a  full  discussion  of  the 
"physical  condition "  of  the  water  in  the  widest  sense  would  be 
possible.  Then  we  would  be  in  a  position  to  apply  our  knowledge 
to  questions  of  biology,  climatology,  dec,  and  through  these  to 
more  practical  matters  connected  with  arts  and  industries.  So 
far  as  we  have  yet  gone,  only  the  last-mentioned  research  is  in  a 
position  to  waiTant  discussion.  The  salinity  and  chemical  composi- 
tion of  the  water  are  being  investigated  by  the  staff*  of  the  Marine 
Station,  and  in  greater  detail  by  Mr.  Dickie  in  Professor  Dittmar's 
laboratory.  The  data  of  Nos.  1,  4,  and  5,  may  be  gathered, 
though  not  with  satisfactory  completeness,  from  the  records  of  the 
Admiralty  in  its  Hydrographic  Department,  the  Geological 
Survey,  and  the  Scottish  Meteorological  Society.       No.   3,   the 

*  Mill,  Proc,  R.S.K.,  vol.  xiii.  paxsim:  Scot.  Oeog.  Mag.y  ii.,   1886,  pp. 
20-26. 
+  Proc,  R.S.E.,  vol.  xiii.,  1880,  pp.  403-428. 
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investigation  of  rivers,  has  never  been  undertaken,  and  to 
inaugurate  a  work  of  such  magnitude  as  this  would  be  is  too 
much  for  the  present  resources  of  the  Marine  Station. 

For  particulars  as  to  the  configuration  of  the  Clyde  Sea- Area, 
and  for  a  coloured  bathy-orographical  map,  reference  must  be  made 
to  a  special  paper,  *  but  a  brief  enumeration  of  its  chief  features 
is  npcessary.  The  deep  water  of  the  North  Channel  and  St. 
Ueorge's  Channel  shoals  rapidly  from  70  to  27  fathoms,  the  latter 
depth  being  the  average  over  a  wide  Plateau,  270  square  miles  in 
area,  tliat  runs  from  Cantyre  to  Ayrshire,  touching  the  south 
coast  of  Arran,  and  including  Ailsa  Craig.  The  shallowest  ridge 
of  this  plateau  is  about  20  fathoms  deep.  Along  the  Ayrshire 
coast  the  water  continues  shallow,  but  on  both  sides  of  Arran  there 
are  deep  channels  uniting  at  the  north  end  of  that  island,  and 
continuing  up  lower  Loch  Fyne  almost  to  Ardrishaig.  This  X-shaped 
system  is  known  as  the  Arran  Ba^in,  Its  maximum  depth  (107 
fathoms)  occurs  off  Skate  Island,  near  Tarbert,  in  lower  Loch  Fyne, 
and  tlie  areas  of  water  at  each  depth  may  bo  seen  from  the 
following  table  : — 

Depth  exceeds  30  fathoms  over  340  square  miles. 

,,  ,,        oO        .,  ,,     100       .,  ,, 

The  linOi  riateait,  separates  the  Arran  Basin  from  the  Dunoon 
Basin  and  Loch  Striven ;  its  average  depth  is  about  20  fathoms. 
Diuioon  Basin  extends  from  a  little  north  of  Great  Cum  brae 
through  tluj  Firth  of  Clyde  and  up  lower  Loch  Long  to  the  Dog 
Bock,  off  the  mouth  of  Loch  Coil ;  its  greatest  depth  is  b(^  fathoms 
off  Dunoon.  The  Estuary  from  Greenock  to  Bowling  is  extremely 
shallow,  and  partakes  largely  of  the  nature  of  a  canaL  The 
Gareloch,  5  square  miles  in  area,  has  an  average  depth  along  the 
central  line  of  20  fathoms.  Upper  Loch  Long,  with  an  area  of  4 
square  miles,  has  a  maximum  depth  of  35  fathoms ;  and  Loch  Gail, 
with  the  same  superficial  extent,  descends  to  47  fathoms  at  its 
deepest  point.  Loch  Striven  covers  5  square  miles,  and  has  as 
maximum  dej)th,  35  fathoms.  Upper  Loch  Fyne  (from  Otter 
Ferry)  is  25  miles  long,  and  measures  20  square  miles  superficially. 
There  is  a  shallow  depression  (IVfinard  Basin)  between  the  two 
ridges  rising  to  within  15  fathoms  of  the  surface  at  Otter  and 
Minard,  and  beyond  Minard  Narrows  the  depth  goes  down  to  80 

**  Scottish  Geographical  ^lagozinc,  vol.  iii.,  p.  15,  Jan.,  1887. 
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fathoms  off  Strachur.  The  separation  of  Loch  Goil  from  the 
Dunoon  Basin  is  by  a  bander  steeper  on  both  sides,  and  rising 
nearer  the  surface,  within  10  fathoms.  The  four  lochs  last-named 
are  enclosed  by  high,  and  in  many  cases,  by  precipitous  hills ;  the 
most  closely  invested  by  mountain  walls  is  Loch  Goil,  and  next 
to  it  come  the  upper  six  miles  of  Loch  Fyne  and  Loch  Long. 
Smaller  natural  divisions  need  only  be  mentioned  :  the  principal 
ones  are  the  Holy  Loch,  Kyles  of  Bute?,  Loch  Ridden,  Loch  Shira, 
Loch  Gair,  Loch  Gilp,  East  Loch  Tarbert,  Campbeltown  Loch, 
Loch  Kanza,  and  Lamlash  Bay. 

Taking  the  boundary  line  of  the  sea-area  as  the  contour  of  50 
fathoms,  which  runs  from  the  Mull  of  Cantyre  to  Corsewall  Point, 
its  entire  area  is  1,300  square  miles,  thus  divided  : — 

Depths  between  0  and  10  fathoms,  105  square  miles. 
,,  „      10    „    30       „  G35  „ 

,,      30    „    50       .,  450 

„  „      50    „    80       „  100 

„       over  80  fathoms  10  ,, 

For  the  purposes  of  the  present  paper  it  will  be  advisable  to 
consider  most  particularly  the  thousand  square  miles  lying  north- 
ward of  the  ridge  of  the  Barrier  Plateau.  Of  this  region  the 
following  table  gives  particulars : — 


Depth  in  fatlioins. 

Mean  Depth. 

Statute  inilcH. 

mile  fathoms. 

0  to  10 

0 

100 

500 

10  „  30 

20 

440 

8,800 

30  „  50 

40 

350 

14,000 

50  „  80 

65 

100 

6,500 

Over  80 

S7 

10 

870 

0  to  107 

30-67 

1,000 

30,670 

1  to  2 

1-5 

1,000 

1,500 

Total, 

Tidal) 
rise,  J 

In  larger  units  the  1,000  square  miles  of  area  have  a  mean 
depth  of  30*67  fathoms  at  low  tide,  and  consequently  a  volume 
of  water  equal  to  34*87  cubic  miles;  while  at  high  tide  there  is 
1  '7  cubic  mile  more  water  in  .the  system.  Taking  the  average 
density  of  the  water  as  1-025,  which  is  probably  rather  under 
the  mark,  1  cubic  mile  of  it  would  weigh  4,203,030,000  tons ; 
hence,  the  total  weight  of  water  at  low  tide  inside  the  Plateau  is 
1 46,560,000,000  tons,  and  that  of  the  tidal  increment,  7, 145,300,000 
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tons.     Or,  to  use  round  numbers,  at  the  mean  state  of  the  tide 

there  are  150,000  million  tons  of  water  in  the  system.     For  the 

data  on  which  these  calculations  are  based  I  am  indebted  to  the 

planimeter  measurements  by  Mr.  Chumley,  of  the  Challenger  Office, 

on  Mr.  J.  G.  Bartholomew's  bathy-orographical  map  of  the  Clyde 

sea-area. 

Methods,  op  Working — Thermometers. 

Mr.  Buchanan's  improved  Miller-Casella  thermometers  were 
used  to  a  slight  extent  on  one  or  two  trips,  but  the  instrument 
chiefly,  and  latterly  exclusively,  employed  was  Messrs.  Negretti  k 
Zambra's  Patent  Standard  Deep-Sea  Thermometer.  This  thermo- 
meter registers  the  temperature  by  being  caused  to  turn  over; 
in  the  act  of  turning,  the  mercury  column  breaks  at  a  contraction 
near  the  bulb,  runs  down  into  what  was  the  ujjper  part  of  the 
tube,  and  remains  there  until  the  instrument  is  set  again. 
The  tube  is  graduated  in  the  inverse  position,  so  that  the  tem- 
perature is  read  off  directly.  The  instrument  is  graduated  to 
road  correctly  at  the  temperature  at  which  it  was  reversed ;  hence 
a  correction  demanded  by  the  change  of  volume  of  the  detached 
column  becomes  necessary  when  the  reading  is  made  at  a 
different  temperature  from  that  of  reversal.  This  correction, 
us  the  average  of  eight  instruments,  was  found  to  be  0*"1  for 
C  F.  change  of  temperature.  This  is  so  slight  as  to  be  readily 
overlooked,  because  when  there  is  more  than  6°  difference  between 
the  temperature  of  water  and  that  of  the  wet-bulb  thermometer  in 
air,  the  reversing  thermometer  is  read  before  it  has  time  to  assume 
its  new  temperature,  and  if  a  strong  wind  quickly  brings  it  into 
equilibrium  with  the  air,  the  motion  of  the  vessel  is  such  as  to 
render  it  difficult  to  read  to  tenths  of  a  degree.  In  all  ordinary 
states  of  weather  it  has  been  found  possible  to  rely  upon  the 
readings  of  temperature  as  correct  to  one-tenth  of  a  degree 
Fahrenheit. 

The  arrangement  employed  for  reversing  the  thermometer  is 
known  as  the  "  Scottish  frame."  It  acts  by  the  fall  of  a  brass 
"  messenger ''  along  the  line  depressing  a  lever,  and  so  raising  the 
pin  that  retains  the  thermometer  in  an  upright  position.  Any 
number  may  be  used  on  one  line — the  "  messenger"  intended  to 
reverse  the  next  lower  instrument  being  hung  by  a  cord  or  wire, 
so  as  to  be  set  free  on  the  thermometer  turning  over,  A  special 
vice-clamp  enables  the  thermometer  to  be  attached  to  the  line  and 
vemoyed  with  great  rapidity  •,  atvd  it  has  also  the  advantage  over 
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lashings  that  the  observer  can  employ  it  even  when  his  hands  are 
benumbed.  The  Negretti  &  Zambra  thermometers  have  an  outer 
protecting  sheath  to  keep  off  pressure  from  the  bulb,  and  as  the 
only  liquid  in  their  construction  is  mercury,  they  rapidly  assume 
the  temperature  of  the  water.  An  immersion  of  three  minutes  is 
in  all  cases  sufficient. 

A  slip  water-bottle  is  employed  for  raising  samples  of  water 
from  any  desired  depth.  It  is  closed  by  a  "  messenger  "  dropped 
by  the  lowest  thermometer  on  its  reversal,  and  can  thus  be 
employed  on  the  same  line  as  the  thermometers. 

The  small  steam  yacht  of  the  station,  the  Medusa,  was  specially 
built  and  fitted  for  sounding  and  dredging  in  quiet  water.  She  is 
of  30  tons  yacht  measurement,  and  about  54  feet  long  on  deck. 
Her  small  size  makes  it  easy  to  keep  position  without  anchoring, 
while  making  observations,  but  the  corresponding  disadvantage  is 
associated  with  it  of  being  unable  to  work  in  rough  weather — 
except  in  the  narrow  lochs  and  channels.  When  the  bearings  of 
an  observing  station  have  been  reached  the  vessel  is  put  head  to 
sea,  with  the  wind  on  the  port  bow,  and  one  man  keeps  her  in 
position,  the  engines  and  steering  wheel  being  both  worked  from 
tho  same  place — amidships  The  sounding  line,  of  120  fathoms, 
is  coiled  on  a  drum,  and  worked  by  a  small  donkey  engine.  The 
line  passes  from  the  drum,  through  leading-blocks,  to  a  tail-block 
hung  from  the  end  of  a  derrick,  which  projects  over  the  port  bow. 
The  line  is  marked  with  worsted  at  every  fathom,  for  the  first  ten, 
then  at  every  five  fathoms  to  the  end,  the  tens  being  in  red,  and 
having  a  number  of  turns  corresponding  to  the  depth,  the  fives  a 
single  tuft  of  blue.  The  water-bottle  and  lead  are  always  attached 
to  the  line,  a  thermometer  is  clamped  on  above  the  open  bottle, 
and  a  "  messenger  "  hung  to  it  to  reverse  the  latter.  Ten  fathoms 
are  allowed  to  run  out,  the  second  thermometer  and  ^*  messenger  " 
are  fixed,  and  at  the  end  of  other  ten  fathoms  the  third  instrument 
is  attached,  and  the  line  allowed  to  run  until  the  lead  strikes 
bottom.  The  depth  is  noted  in  an  observation  book,  in  which 
particulars  as  to  position,  date,  hour,  weather,  wind,  temperature 
of  air,  and  height  of  barometer  are  recorded.  Air  temperature  is 
observed  by  means  of  a  small  thermometer  {thermomitre  fronde) 
whirled  by  a  cord  so  as  to  take  the  temperature  of  the  air  rapidly; 
after  observing  this  the  bulb  is  dipped  in  water,  and  the  thermometer 
swung  again  for  the  wet-bulb  reading.  Three  minutes  or  more 
having  elapsed,  a  *< messenger"  is  allowed  to  slip  down  the  Ui\ft\vt» 
Vol,  XVUL  y 
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strikes  the  first  thermometer,  reverses  it^  and  sets  the  second 
"  messenger"  off  on  its  course.  When  the  shocks  of  the  reversal  of 
all  the  thermometers,  and  the  closing  of  the  water-bottle,  have 
been  felt  (this  cannot  be  done  when  there  is  any  sea  on;  then  a 
sufficiently  long  time  interval  must  be  allowed),  the  line  is  rapidly 
run  in  by  the  donkey  engine,  and  each  thermometer  removed, 
read,  and  its  temperature  recorded  as  it  comes  up.  The  process  is 
repeated  until  the  temperature  has  been  ascertained  at  the  surface, 
5  fathoms,  10  fathoms,  and  every  ten  to  the  bottom.  The 
recorded  readings  are  examined,  and  if  any  sudden  change  is 
noticed  between  any  two  of  them  additional  observations  are 
made  at  intermediate  depths,  until  a  fair  idea  of  the  vertical 
distribution  of  temperature  is  arrived  at.  A  sample  of  surface 
water  is  collected,  and  the  vessel  proceeds  to  the  next  station; 
while,  unless  there  is  too  much  motion,  the  density  of  the  water 
samples  is  being  ascertained  by  means  of  the  hydrometer.  The 
curve  of  vertical  distribution  is  drawn  from  the  figures  in  the 
observing  book  after  the  instrumental  corrections  have  been  applied, 
and  from  the  curves  isothermals  are  laid  down  on  a  profile  of  the 
sea  bottom,  so  as  to  guide  the  observations  at  next  station. 
Thanks  to  the  rapid  working  of  the  Negretti  k  Zambra 
thermometers,  and  to  the  convenient  fittings  of  the  Medusa^  and 
the  dexterity  of  her  crew,  a  stoppage  of  fifteen  minutes  suffices  to 
ascertain  the  temperature  at  nine  points,  and  one  of  twenty-five 
minutes  at  fifteen  points  when  the  weather  is  fina  Using  the  same 
number  of  thermometers  (three),  the  CJidllenger  type  instruments 
would  require  stoppages  of  from  one  hour  to  an  hour  and  a^half 
for  the  same  amount  of  work. 

At  later vals  of  six  weeks  or  two  months  a  complete  tour  of  the 
Clyde  Sea- Area  is  made  in  the  Medusa^  the  time  occupied  being 
from  seven  to  ten  days,  according  to  the  time  of  year  and  the 
weather.  Soundings  are  taken  as  nearly  as  possible  at  the  same 
positions,  but  occasionally  it  is  necessary  to  make  more  numerous 
observations,  in  order  to  trace  out  special  distributions  of  tem- 
perature. The  following  are  the  positions  and  the  approximate 
depths  in  fathoms  where  observations  are  regularly  made : — 
In  the  Estuary — 

In  mid-channel,  off  Bowliug  (3). 

„  Dumbarton  (3). 

„  Port-Glasgow  (3). 

„  Greenock  (15). 
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In  the  Dunoon  Basin — 

Off  Dog  Rock,  opposite  Loch  Goil  (50). 

Between  Coulport  and  Ardentinny  (42). 

Off  Strone  Point  (30). 

South  of  Gantock  Beacon,  Dunoon  (50). 

Off  Wemyss  Point  (40). 

Off  Knock  Hill  (40). 

On  Btite  Plateau — 

Hothesay  Bay  (9). 

Between  Toward  and  Bogany  Points  (27). 

Off  Ascog  (23). 

In  Arran  Basin — 

Between  Garroch  Head  and  Cumbrae  Light  (60). 

6  J  miles  off  Brodick  (90). 

2  miles  off  Largybeg  Point  (60). 

Between  Imacher  Point  and  Carradale  (75). 

Off  Areverga  Point  (70). 

Off  Loch  Eanza  (50). 

Midway  between  Arran  and  Inchmamock  (85). 

Midway  between  Ardlamont  Point  and  Ettrick  Bay  (30). 

OffSkate  Island  (107). 

Off  Eolfinan  Bay  (55). 

West  of  Otter  Beacon  (30). 

On  Barrier  Plateau — 

Off  Davaar  Island  (18). 
East  of  Sanda  Island  (28). 
South  of  Pladda  Island  (20). 
Near  Ailsa  Craig  (27). 

In  North  Channel — 

Two  positions  as  far  off  shore  as  the  weather  permits,  and 
in  from  40  to  70  fathoms. 

In  Garehclh-^ 

Off  Helensburgh  Pier  (6). 
Seaward  of  Row  Point  (12). 
Inside  Row  Point  (23). 
OffShandon  (21). 
Garelochhead  (10). 
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In  Holy  Loch — 

Between  Strone  Point  and  Hunter's  Quay  (16). 
Between  Kilmun  and  Sandbank  (10). 

In  Upper  Loch  Long — 

Off  Thornbank  (35). 
Off  Arrochar  Pier  (10). 

In  Loch  Goil — 
Entrance  (8). 
Off  Stuckbeg  (40). 
Off  Lochgoilhead  Pier  (27). 

In  Loch  Striven — 

Between  Strone  and  Ardine  Points  (33). 
Off  Clapochlar  Point  (35). 
Head  of  Loch  (12). 

In  Kylea  of  Bute — 

Off  Strone  Cotes  (20). 

Burnt  Islands  (25). 

Off  Ormidale  Pier,  Loch  Ridden  (12). 

In  Loch  Fyne — 

East  of  Otter  Beacon  (20). 

Off  mouth  of  Loch  Gair  and  Gortans  Point  (30). 

In  Minard  Narrows  (15). 

Off  Furnace  Quarries  (35). 

Off  Strachur  (75). 

Off  Inveraray  (60). 

Off  Dunderave  (30). 

Off  Cuill,  head  of  Loch  (15). 

Occasional  soundings  are  also  taken  in  Loch  Oilp,  Loch  Ranza^ 
Campbeltown  Loch,  Lamlash  Bay,  and  Millport  Bay.  There  are 
thus  more  than  sixty  places  where  observations  are  made.  It  is  not 
considered  necessary  to  give  exact  bearings  of  each,  especially  as 
in  most  cases  the  channels  are  so  narrow  that  a  position  of  the 
depth  mentioned  is  defined  to  a  few  hundred  yards  by  the 
description  **  Off"  such  a  place. 

Treatment  of  Results. 

It  is  impossible  at  the  present  stage  of  the  investigation  to  give 
an  exhaustive  discussion  of  all  the  observations  which  have  been 
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made.  With  a  large  number  of  new  facts  of  any  kind  it  is 
difficult  so  to  group  them  as  to  bring  out  all  that  may  be 
legitimately  deduced  from  their  consideration.  Accordingly,  until 
there  has  been  time  to  compare  all  the  data  in  various  ways,  I 
think  it  better  to  deal  with  the  matter  in  as  general  a  manner  as 
the  nature  of  the  circumstances  permits,  and  to  employ  graphical 
methods  rather  than  numerical  for  that  purpose. 

Until  the  introduction  of  thermometers  which  registered  the 
exact  temperature  at  a  given  depth,  and  not  merely  the  maximum 
and  minimum  temperatures  through  which  they  passed,  it  was 
assumed  that  the  temperature  of  water  varied  uniformly  from 
surface  to  bottom,  except  when  the  surface  was  frozen.  Conse- 
quently it  was  the  custom  to  draw  a  free-hand  curve  through 
points  obtained  at  a  considerable  distance  apart,  and  to  view  this 
curve  as  a  representation  of  the  manner  in  which  temperature 
varied.  This  is  now  recognised  to  be  erroneous,  and  our  observa- 
tions on  the  Clyde  Lochs  show  that,  within  certain  limits,  the 
temperature  of  water  may  vary  in  any  manner  between  the 
surface  and  the  bottom.  Hence  the  greatest  caution  must  be 
exercised  in  interpreting  curves,  and  at  all  places  where  the 
direction  or  the  amount  of  curvature  is  changing,  very  close 
observations  must  be  made.  This  fact  was  not  sufficiently  realised 
during  the  first  two  or  three  cruises  to  be  described,  but  each  trip 
suggested  new  precautions,  and,  consequently,  the  later  results  are 

the  more  trustworthy. 

Results. 

The  seasonal  changes  of  temperature  in  three  characteristic 
regions  will  be  described  in  some  detail.  It  has  been  found  that 
the  physical  configuration  of  the  sea-bottom  exercises  a  most 
important  influence  on  the  temperature  of  the  water,  and  the 
three  positions  hereafter  cited  are  types  of  three  difierent  conditions 
tending  to  limit  more  and  more  the  free  circulation  of  the  water. 

The  Channel  near  the  Mull  of  Cantyre  could  only  be  examined 
on  five  trips,  and  water  over  50  fathoms  was  only  reached  twice — 
first,  on  April  16,  an  exceptionally  calm  and  fine  day,  and  again 
on  September  22nd,  when  Mr.  Matheson  of  Liverpool  kindly 
gave  the  use  of  his  large  steam  yacht,  the  Oimara.  On  every 
trip  the  same  temperature  was  found  to  prevail  practically  from 
surface  to  bottom.  Occasionally  patches  of  rather  warmer  water 
were  found  on  the  surface,  with  the  ebbing  tide,  but  these  were 
neither  large  nor  deep.     The  curves  of  vertical  distribution  q€ 
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temperature  for  this  r^ou  (Fig.  1)  are  nearly  straight  lines,  and 
more  parallel  to  themselves  throughout,  as  the  season  changes. 


■nni 
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In  summer  the  sui-facB  was  sometimes  the  fraction  of  a  degree 
higher,  in  winter  sometimes  the  fraction  of  a  degree  lower  in 
temperature  than  the  mass   of  the  water.      The  actual    figures 
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Aug.  12. 
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The  maximum  thus  appeared  to  be  in  September,  the  miuimuoi  in 
April,  and  the  whole  observed  range  was  12°'5. 

The  Channel  is  characterised  by  very  strong  tidal  currents,  aud 
by  the  occurrence  of  overfalls  or  tumultuous  mixing  of  the  water 
throughout  its  whole  depth,  as  the  tide  sweeps  over  sudden 
inequalities  on  the  bottom.  It  is  in  perfectly  free  connection  with 
the  Atlantic,  and  conBequently  is  affected  by  the  Gulf  Stream 
water. 

The  deepest  water  of  the  Arran  Basin  is  afiected  by  the  tide 
which  passes  over  the  Barrier  Plateau,  and  thus  reaches  the  deep, 
beyond  as  a  moving  layer,  certainly  not  over  20  fathoms  de^; 
but  this  surface  flow  appears  to  set  up  a  deeper  circulation,  ftod 
to  change  aJl  the  water  in  the  deeitest  hollows  in  the  couru  of  tiiov. 
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Th«  ofaBerrations  here  are  vety  complete,  as  the'following  statement 
and  the  curveo  (Fjg.  2). expressing  it  show : — 


Sorf.. 


Hit.  r.  April  II.  loot  It.  Anf.  10.  Sep.  )T.  Sop.  M.  Xsi 
..  41-4  43-8  4S'3  53'6  517  £3-9  4! 
..41-5       41-3       44-0        45  G       474       474       61 


la  Dec  18.  Feb.  I. 
3  46 «  437 
1      47  4      44-3 


Here  the  surface  range  was  13°'3,  the  minimum  occurred  in 
March  and  the  maximum  about  the  middle  of  September.  At 
the  bottom  the  range  was  0*'d,  with  a  -  minimum  in  April 
and  maximum  iu  November.  In  March  the  curre  of  vertical 
distribution  was  identical  in  form  with  that  for  the  Channel; 


Fig.  %  TempentET*  Cnna  tar  Skala  Iilud,  Amo  Bigln. 


from  March  to  August  the  lower  lasers  heated  up  uniformly,  and 
from  November  to  February  ihey  cooled  down  uniformly  as  the 
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curves  evidence  by  parallel  and  perpendicular  lines.  The  mass 
which  thus  heated  and  cooled  uniformly  was  less  and  less  eveiy 
month  until  November,  when  there  was  none,  and  then  at  one 
leap  nearly  the  whole  body  of  water  assumed  this  state:  The 
meaning  of  this  is  that  the  advance  of  summer  poured  heat  into 
the  surface  layers  more  rapidly  than  it  could  be  conducted  down- 
wards, either  by  the  process  of  conduction  proper  or  by  convection, 
while,  on  the  other  hand,  the  cold  of  winter  withdrew  heat  from 
the  upper  layers  more  rapidly  than  conduction  or  convection  could 
equalise  the  supply  from  the  mass.  Only  in  winter  cooling  ea 
masBt  is  much  more  rapid  because,  as  Aim6  long  ago  pointed  out, 
cooled  water  sinks,  carrying  down  cold  so  to  speak,  while  heated 
water  remains  floating.  It  would  appear  as  if  the  lower  mass  of 
water,  which  was  uniformly  heated  as  summer  advanced,  was 
influenced  by  the  direct  mixture  by  uniform  descent  of  the  hotter 
and  Salter  tidal  water  coming  across  the  plateau  and  streaming 
northward  over  the  surfaca  It  is  interesting  to  note  the  extreme 
similarity  of  the  curves  for  June  and  for  February.  The  one 
seems  to  be  almost  a  mirror  image  of  the  other ;  the  temperature 
for  the  lower  91  fathoms  was  on  the  average  just  half  a  degree 
warmer  in  February  than  in  June,  at  15  fathoms  it  was  the  same 
(44" '3),  while  on  the  surface  in  June  it  was  48**-3,  and  in  February 
43"* -7,  the  greater  difference  between  surface  and  15  fieithoms  deep 
in  summer  being  due  to  the  reason  stated  above.  A  few  slight 
irregularities  will  be  observed  in  the  curves — thus,  that  for  Februaiy 
has  its  maximum  (45'' O)  at  45  fathoms.  This  is  not  a  result  of 
error  of  observation,  but  the  next  set  of  soundings  illustrates  the 
same  effect  much  better. 

At  Strachur,  in  Upper  Loch  Fyne,  the  influence  of  the  tidal 
flow  is  very  slight,  except  on  the  surface.  The  currents  are 
successively  checked  by  the  narrow  and  shallow  channels  at 
Otter  and  Minard,  and  so  they  reach  the  wider  upper  reaches 
without  strength  to  effect  any  mixture  at  the  great  depth  of  70 
fathoms,  or  more.  As  the  conditions  in  the  Arran  Basin  were 
shown  to  differ  markedly  from  those  in  the  open  channel,  so — and 
even  to  a  greater  degree — do  the  conditions  in  Upper  Loch  Fyne 
differ  from  those  in  the  Arran  Basin.  The  temperature  observed 
at  surface  and  bottom  for  the  several  months  was  as  follows: — 

Apr.  20.  June  21.  Aug.  11.  Aug.  25.  Sept.  27.  Nov.  17.  Dec.  29.  Feb.  4. 
Surf.,   42*6        49*2        54*1  53*5         62-4         46*4         41*0        43*0 

Bot,     41-9        44-1        44*2         44*2         44*1         44*2         447        46-9 
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Umbo  figures  show  a  very  curioos  state  of  matters:  while  the 
surface  water  rose  from  42'-6  in  temperature  to  54''1  in  four 
months,  and  fell  to  41°  in  three,  the  bottom  rose  only  from  4r'9 
to  44* '1  in  two  months,  and  for  five  months  remained  practlcallj 
anchanged,  then  rose  in  two  months  and  a-half  to  45°*8.  Thus 
the  Bur&ce  water  had  a  range  of  14°'l  iu  warmth,  the  bottom 
water  only  4*;  and  the  surface  maximum  occarred  in  August,  while 
the  bottom  had  apparently  not  yet  reached  its  maximum  in 
February. 

The  remarkable  state  of  matters  in  this  loch  ia  made  much 
more  evident  by  considering  the  curves  of  Figure  3,  which  show 


Fig  S.  Tempentun  Cimei  (or  Stnebnr,  Loch  Fjne. 

the  vertical  distribution  of  temperature  for  each  trip.  The  curve 
fbr  April  is  practically  straight,  and  shows  a  uniform  distribution 
of  temperature  from  a  depth  of  15  fathoms  to  the  bottom;  but, 
unfortunately,  very  few  observations  were  made,  and  it  is  possible 
that  a  subsurface  maximum  or  minimum  may  have  been  missed. 
In  all  Uie  others  from  ten  to  twenty  points  were  determined.  By 
June  the  bottom  water  had  warmed  up  to  44'-t,  but  the  lowest 
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temperature  occurred  at  15  fathoms,  where  it  was  42*-5y  from  that 
point  warmth  rapidly  increased  to  the  sur£EU)a  The  lower  40 
fathoms  of  water  remained  practically  unchanged  at  the  tempera- 
ture of  44^*2  until  the  end  of  August,  but  the  warming  towards  the 
surface  went  on  more  and  more  rapidly.  In  September  the  lower 
25  fathoms  retained  the  old  temperature;  there  was  a  rapid  rise 
of  temperature  toward  the  suiface  until,  at  10  ^thorns,  it  became 
constant  at  52" '5.  In  November  the  temperature  at  the  bottom 
was  still  unchanged,  but  it  rose  rapidly  from  the  bottom  until 
within  30  fathoms  of  the  surface,  continued  to  rise  very 
gradually  to  within  10  fathoms  (50^*0),  and  then  commenced  to 
fall,  reaching  46** '4  on  the  surface.  In  December  the  greatest 
depth  had  warmed  up  a  little,  the  temperature  attained  a  maximum 
(47'* '5)  at  20  fathoms  from  the  surface,  then  fell  at  iirst  slowly, 
finally  very  rapidly,  for  the  extreme  superficial  layer  consisted  of 
ice,  the  frozen  fresh  water  which  had  run  down,  after  a  sudden 
thaw,  from  the  hills  and  spread  itself  oyer  the  surface  of  the  salt 
water.  By  February  there  was  considerable  increase  of  tem- 
pemture  at  the  bottom  (45^*9),  and,  after  passing  an  ill-defined 
maximum  of  46°  5  at  45  fathoms,  it  fell  very  uniformly  to  43**0  on 
the  surface.  It  is  almost  certain  that  before  another  trip  is  made 
the  maximum  temperature  will  have  reached  the  bottom,  and 
cooling  will  have  set  in  throughout.  This  set  of  curves  is  similar 
to  that  obtained  in  the  similar  rock  basin  of  Loch  Groil.  It  is 
very  instructive,  as  showing  how  the  heat  wave  is  propagated 
downwards  with  diminishing  amplitude  as  the  season  advances, 
and  how  the  succeeding  cold  wave  travels  after  it.  No  conclusions 
can  yet  be  drawn  from  these  data  as  to  the  seasonal  march  of 
temperature  in  Loch  Fyne,  as  the  cycle  of  annual  change  has  not 
yet  been  completely  observed. 

Figure  4  represents  the  changes  in  surface  and  bottom  tem- 
perature with  the  season,  so  far  as  observations  go,  at  each  of  the 
three  stations  that  have  been  considered.  The  curve  for  the 
Channel  may  be  taken  as  the  standard  to  which  the  others  are 
referred.  The  surface  curves  all  rise  together,  that  for  Strachur 
comes  soonest  to  a  maximum;  after  passing  the  manmum  the 
Channel  curve  continues  highest.  The  bottom  curves  rise  more 
slowly,  ultimately  cross  the  surface  ones,  and  come  to  a  tnn-rrinmn 
much  later.  The  curves  for  the  Skate  Island  depression  of  the 
Arran  Basin  are  in  all  cases  intermediate  between  those  of  the 
Channel  and  Strachur. 
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The  three  cases  just  considei'ed  are  all  deep-water  atationa.    Tlie 
shallow  lochs   aad   channels  are   lesa   regular,  tbejr 
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respond  uiore  rapidly  to  the  diauges  of  air  teiii])erature,  but  in  all 
essential  respects  they  are  similar  to  those  discussed,  and  it  is  not 
necessary  to  consider  in  detail  the  Gfty'sevcu  other  stations  for 
which  data  have  been  collected. 

In  order  to  combine  in  some  manner  the  information  regarding 
the  most  important  stations,  a  sei-ies  of  temperature  sections  was 
constructed  for  each  cruise.  The  two  principal  sections  ran  from 
tJie  Channel  in  the  one  case  up  Kilbrannau  Sound  and  Loch  Fyne, 
in  the  other  up  the  east  side  of  Arran  to  Loch  Ooil.  Both  these 
sections  are  extremely  characteristic.  That  including  Loch  Goil 
deals  with  shallower  water,  and  consequently  shows  a  greater 
range  of  temperature,  and  a  more  obvious  followiug  of  the  raria- 
tions  of  air  temperature,  but  the  other  is  on  the  whole  more 
interesting,  and  will  be  described. 

.  The  profile  shown  in  the  diagrams  (Plate  XI.)  was  constructed 
^m  the  Admiralty  charts,  and  in  order  to  show  the  vertical 
distribution  of  temperature  the  depth  is  greatly  exi^^gerated 
compared  with  the  length.  A  line  is  drawn  to  represent  each 
nunding,  and  the  depth  at  which  each  whole  degree  (in  some  cases 
each  half  d^ree)  of  temperature  is  reached,  as  indicated  by  the 
station  curves,  is  marked,  and  isotherms  are  drawn  accordingly.  In 
order  to  ii[ipeal  to  the  eye  the  spaces  between  the  isotherms  vc« 
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coloured  in  the  order  of  a  spectrum,  the  highest  temperature  being 
shown  as  red.     Thus,  below  40*, 


From  40'  to  42%       - 

1     AO    OAA^/TTAA    CMS     T  *\/A\:j  V   • 

blue. 

„     42'to44% 

greenish  blue. 

„     44*'to46% 

bluish  green. 

„     46'»to48°, 

green. 

„     48°to50»,       . 

yellow. 

„     50»to52°, 

orange 

„     62°  to  64°,       . 

red. 

Above  64", 

deep  red. 

The  April  section  shows  a  very  simple  state  of  matters.  The 
whole  area  is  blue,  the  temperature  lying  between  41**3  and 
44*,  and  with  the  exception  of  about  10  fathoms  of  water  nearest 
the  surface,  which  is  coloured  on  greenish  blue  (over  43*),  it  is 
of  one  colour.  This  may  be  taken  as  the  typical  distribution  of 
temperature  in  very  early  spring,  before  the  winter  conditions  have 
been  seriously  disturbed.  It  was  the  period  of  minimum  tem- 
perature over  the  whole  sea-area  as  far  as  we  have  been  able  to 
ascertain. 

The  lapse  of  two  months  of  spring  and  summer  weather  brings 
about  a  considerable  change  by  June,  as  the  section  for  that 
month  shows.  Sun-heating  has  produced  tracts  of  warm  water 
on  the  surface,  here  and  there  the  yellow  colour  (48*  to  52*) 
descending  in  some  cases  to  over  two  fathoms.  The  Channel 
and  Plateau  are  green  (46^  to  48*^),  and  water  at  this 
temperature  is  found  on  the  surface  in  a  thinner  and  thinner 
layer  as  far  as  Otter,  and  appears  again  to  a  depth  of  about  eight 
fathoms  in  Upper  Loch  Fyne.  Water  at  from  44"*  to  46^  (bluish 
green)  fills  the  bulk  of  the  Arran  Basin,  the  Minard  Basin,  and 
the  lower  part  of  Loch  Fyne.  But  the  centre  of  Loch  Fyne  remains 
blue  as  it  was  in  April,  a  mass  of  water  from  42*  to  44*  floating 
between  the  warmer  layers.  This  singular  condition  has  not  yet 
received  a  satisfactory  explanation.  This  section  represents  the 
condition  of  rapid  heating  in  early  summer. 

The  August  section,  not  reproduced  here,  shows  a  great  advance. 
The  Channel  and  Plateau  are  red  (over  52*),  and  all  the  surface 
water  except  at  Otter.  Yellow  (48°  to  52^)  extends  from  the  end 
of  the  red  to  a  depth  of  30  fathoms  in  the  Arran  Basin,  fills  the 
Minard  Basin,  and  extends  down  to  from  5  to  15  fathoms  in 
Loch  Fyne.  The  remainder  of  the  Arran  Basin  and  Loch  Fyne 
are  green  (44*  to  48°),  except  for  a  small  remnant  of  the  greenish 
blue  layer  (under  44°)  in  Upper  Loch  Fyne, 
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The  September  section,  representing  the  period  of  maximum 
temperature,  is  the  natural  contrast  to  that  for  April.  It  is 
typical  of  the  end  of  summer.  The  Channel,  Plateau,  and 
surface  water  are  red  (over  52"*),  and  the  upper  and  outer  layers 
dark  red  (over  54').  Yellow  (48^  to  52')  extends  to  25  fathoms 
in  Loch  Fyne,  fills  the  Minard  Basin  and  the  Arran  Basin  down 
to  75  fathoms,  where  green  (47' *5)  comes  in.  The  bottom 
of  Loch  Fyne  is  bluish  green,  and  now  contains  the  coldest  water 
in  the  system. 

In  the  section  for  November  are  shown  the  autumnal  conditions 
established  and  passing  into  the  wintry.  Surface-cooling  has 
reduced  the  temperature  below  52%  and  the  red  is  gone;  but, 
except  in  Loch  Fyne,  warming  has  proceeded  until  all  green 
is  gone,  and  the  whole  area  lies  between  the  temperature  of  48* 
and  52'.  The  Channel  (by  assumption,  for  no  observations  were 
made  in  it).  Plateau  and  Arran  and  Minard  Basins  are  over  50*, 
except  that  north  of  the  Plateau  the  surface  is  for  seven  fathoms 
considerably  cooler  (yellow).  In  Loch  Fyne  there  are  four 
layers  of  ten  fathoms  each,  respectively — ^yellow  (48'  to  50'), 
orange  (60'  to  52'),  yellow  (48'  to  50'),  and  green  (46*  to  48'); 
below  50  fathoms  it  is  bluish  green  (44'  to  46'). 

In  December  cooling  had  continued,  yellow  remained  in  the 
Channel,  but  the  Plateau  and  all  the  Arran  and  Minard 
Basins  were  green  (46°  to  48*),  except  on  the  surface,  where 
bluish  green  (44°  to  46')  appears,  and  sinks  to  10  fathoms  at  the 
head  of  Loch  Fyne,  where  the  old  bluish  green  persists  below  50 
fiithoms. 

The  February  section  may  be  viewed  as  that  of  early  winter  in 
the  water,  the  autumnal  conditions  have  fieiirly  disappeared,  and 
the  diagram  is  blue  and  green,  as  in  June.  The  Channel,  pre- 
sumably, and  the  Plateau,  certainly,  are  greenish  blue  (42'  to  44*), 
extending  to  Imacher,  and  passing  by  almost  vertical  transition 
into  bluish  green  (44'  to  46'),  which  fills  the  Arran  and  Minard 
Basins  to  within  five  fathoms  of  the  surface,  while  the  blue  (40* 
to  44')  and  in  places  a  film  of  violet  make  up  the  rest.  Loch 
Fyne  is  blue  (40*  to  44')  to  eight  fathoms,  bluish  green  (44*  to  46') 
to  34  fathoms^  green  (46*  to  46''5)  to  60  fathoms,  and  the  old 
bluish  green  (45**8)  thence  to  the  bottom.^ 

*  The  coloura  refer  to  those  on  the  four  diagrftms  (Plate  XI.),  and  not  to 
the  natural  tint  of  the  water,  which  is  uiaffected  by  temperature. 
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The  general  impression  created  by  examining  these  sections  is 
that  heating  proceeds  from  the  surface  downwards,  and  from  the 
sea  inwards.  The  deep  basins,  which  are  cut  off  by  barriers  fix)m 
complete  circulation,  retain  a  low  temperature  during  summer 
longer  than  the  more  open  regions,  while  they  gradually  acquire 
a  higher  temperature  in  their  deeper  layers  during  winter.  The 
shallow  Minard  Basin  was  always  found  to  be  filled  with  water 
of  the  temperature  of  that  outside  at  the  plane  to  which  the 
summit  of  the  barrier  i*eaches.  It  is  noticeable  that  at  Otter, 
where  the  Arran  Basin  terminates,  the  surface  temperature  is 
always  considerably  lower  in  summer,  and  usually  a  little  higher 
in  winter  than  that  in  the  neighbourhood.  This  is  obviously  due 
to  the  deeper  layers  of  water  being  forced  to  the  surface  by  the 
tidal  current  running  up  the  face  of  the  incliue.  Similar  cooling 
is  noticed  in  all  narrow  channels,  such  as  that  at  Row  Pointy  in 
the  Kyles  of  Bute,  kc.  In  winter,  also,  the  warmer  water  of  the 
Minard  Basin  appears  to  overflow  at  Otter,  and  pour  down  the 
slope  outwarda  The  same  thing  was  observed  at  the  mouth  of 
Loch  Goil.  , 

No  notice  has  been  taken  in  the  foregoing  remarks  of  the  estuaiy 
of  the  Clyde  between  Bowling  and  Greenock,  or  of  the  shallow  lochs. 
The  estuary  is  extremely  shallow,  and  appears  in  all  cases  to 
follow  the  air  temperature,  and  to  be  most  influenced  by  it  the 
further  up  observations  are  taken.  Thus,  in  summer,  temperature 
falls,  and  in  winter  it  rises  in  proceeding  from  the  river  towards 
the  sea.  The  shallow  lochs  similarly  present  many  complicated 
features  due  to  the  temporary  predominance  of  local  variations 
over  the  regular  seasonal  changes. 

Shallow  water  forms  a  comparatively  small  part  of  the  Clyde 
Sea- Area,  and  on  the  whole  the  two  sections  to  which  reference  has 
been  made  may  bo  considered  as  including  all  the  varieties  of 
physical  conditions  nearly  in  the  true  proportion.  Hence,  if  the 
mean  temperature  of  these  sections  could  be  ascertained,  it  might 
be  assumed  with  considerable  confidence  to  be  the  mean  tempera- 
ture of  all  the  water  in  the  system. 

To  ascertain  the  mean  temperature,  the  area  of  each  colour  on 
the  section  w£ls  measured  by  counting  the  squares  it  occupied  on 
curve  paper.  This  gave  a  statement  of  the  relative  prevalence  of 
each  temperature,  and  by  multiplying  each  of  these  numbers  by 
the  mean  temperature,  adding  together  all  the  quantities  so 
obtained,  and  dividing  by  the  number  of  squares  in  the  whole 
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area  the  average  temperature  of  the  section  was  ascertained,  that 
is  to  say,  the  temperature  it  would  assume  if  the  whole  mass  of 
water  could  be  thoroughly  stirred  up  and  mixed  without  loss  or 
gain  of  heat. 

The  following  tables  give  the  figures  arrived  at  in  this  way  for 
each  trip,  first  for  the  two  main  sections  separately,  and  then  for 
the  two  combined.  It  will  be  noted  that  there  is  always  one 
temperature  in  far  greater  proportion  than  any  other  at  the  same 
date,  and  that  this  is  most  noticeable  in  winter  and  least  in  summer. 

AREA  AT  VARIOUS  TEMPERATURES. 
Unit  1  Square  Mile  by  2  Fathoms. 


I. — Section  from  Channel  through  Kilbrannan  Sound  and 

Loch  Fyne. 


Temp. 

1886. 
April. 

Jane. 

Aagost. 

September. 

Norember. 

December. 

1887. 
February. 

1 

4(M2 

1455 

__ 

^^^a 

^_ 

3 

4244 

445 

280 

— 

5 

1050 

44-46 

— 

1452 

430 

126 

50 

70 

772 

46-48 

— 

133 

608 

107 

40 

1825 

75 

48-50 

— 

30 

393 

666 

413 

— 

— 

60-52 

— 

5 

229 

433 

1397 

— 

— 

62-54-5 

— 

— 

240 

568 

— 

40-54-5 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

11. — Section  from  Channel 

through 

Dunoon  Basin  and 

Loch  Goil. 

Temp. 

1886. 
April 

Jmie. 

August. 

September. 

November. 

December. 

1887. 
February. 

40-42 

1109 

^.^ 

^^ 

_— 

33 

42-44 

145 

333 

14 

— 

— 

4 

1135 

44-46 

46 

629 

14 

29 

90 

106 

46-48 

— 

150 

408 

6 

26 

1206 

26 

48-50 

— 

120 

500 

10 

47 

— 

— 

50-52 

58 

204 

152 

1227 

— 

62.54-6 

— 

10 

160 

1103 

— 

— 

40.64-5 

1300 

1300 

1300 

1300 

1300 

1300 

1300 

852 
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III.— Sum  07  BOTH  Sections. 


Temp. 

1886. 
April 

Jnnc. 

August. 

September. 

Norember. 

Deeeniber. 

1887. 
Febnurj. 

40-42 
42-44 
44-46 
46-48 
48-50 
50-52 
5254-5 

2564 

590 

46 

613 

2081 

283 

150 

63 

10 

14 
444 
1016 
893 
433 
400 

155 
113 
676 
585 
1671 

50 

66 

460 

2624 

9 

160 

3031 

36 

2186 

878 

101 

40-54'5 

3200 

3200 

3200 

3200 

3200 

3200 

3200 

Average  Tempebatube  of  Combined  Sections  and  Changes. 


Section. 

1886. 
April. 

June. 

August. 

September. 

November. 

December. 

1887. 
Febmuy. 

Channel 
to  Loch 
Fyne. 

41-7 

44-6 

48-3    ;     50-3 

50-6 

46-8 

44*3 

Channel 
to  Loch 
Goil. 

41-7 

45-4 

49-2         52-7 

50-6 

46-6 

43-7 

Com- 
bined 
Sections. 

41-7 

44*8 

48-7 

1 

1 

61-6         50-6 

46-7 

44-0 

Jl 

3-9           2-9       —1-0       —3-9       — 2-7 

The  ayerage  temperature  of  the  whole  xnaaa  of  water  must  be 
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taken  in  connection  with  the  tempeiutare  of  surface  water  and  of 
the  air.     The  following  tables  and  the  curves  in  Figure  5  give  these 


\ 

j 

1 

1 

1 

1 

1 

Fig.  S.  Sttaom\  Vnrliilloa  Df  Air  uid  Witer  1 
Mbas'  Tr.UFEHiTrRE  of  Sopekficial  2  Fai 


Swllon. 
Chaonel— Loch 

Fyi-e 

Aprtl. 

.... 

A»Jt. 

Sepl. 

Knv. 

■». 

11B7. 

431 

485 

53-8 

530 

49-2 

45-7 

43-3 

Choimel— Loch 
Goil 

44 -S 

50(! 

fl2-9 

53  0 

49.8 

4d'5 

41-3 

Combined 

43-8 

49-6 

53-4 

53-0 

49-5 

46-8 

42-4 

Jul.    Feb,    Mar,  JApril.  ll»y  Juno.  July.  Ang.  S«pt.|  Oct. 

'Dv.    Dec, 

J.. 

Feb. 

Average, 
1886-87.. 

1886-87.. 

39-5 '40fl|4r5  460 
:  7i-5\  4-0'  2-5    1-5 

W-5'5e-0'580'58-o'64-5  48-5 

_:  _  _'  _i  _  + 

2-5j  25    10    1-0    0-5    25 

2-5  40-0 

+      — 
■l-j    4-0 

39'5 

40-0 

data.  For  the  mean  monthly  air  temperature  over  the  Clyde 
Sea-Area,  and  deviations  from  the  mean  during  the  period  of  obser- 
vation, I  am  indebted  to  Mr.  Buchan,  of  the  Scottish  Meteorological 
Society.  The  average  surface  temperature  is  calculated  1q<c  \^«i 
Vol.  XVin.  i 
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superficial  two  fathoms,  in  order  to  avoid  the  error  of  local  and 
extremely  superficial  heating  and  cooling.  The  curves  show  that 
the  winter,  spring',  and  summer  of  1886  were  much  below  the 
average  in  air  temperature,  that  the  autumn  was  somewhat  above 
the  average,  and  the  winter,  1886-87,  again  considerably  below. 
Thus,  the  heating  and  cooling  of  the  water  would  both  be  retarded, 
and  the  curves  for  water  temperature  be  flatter  than  the  normal. 

When  the  autumnal  equinox  is  past  the  air  temperature,  pre- 
viously higher  than  that  of  the  water,  falls  below  the  latter, 
and  at  the  same  time  the  curve  of  mean  water  temperature  rises 
above  that  of  surface  temperature.  During  the  period  of  heating 
these  two  curves  are  very  considerably  separated  on  account  of 
the  tendency  of  heated  water  to  remain  on  the  surface  and  get 
still  hotter ;  but  during  cooling  they  keep  much  closer  together, 
since  the  surface  water  no  sooner  cools  than  it  sinks,  and  so  chills 
the  mass  uniformly.  The  apparent  exception  to  this  general 
principle  presented  by  the  case  of  the  deep  enclosed  mountain- 
girdled  lochs,  may  be  due  to  the  fact  that  the  surface  water  is 
always  very  fresh,  and  no  amount  of  cooling  will  render  it  denser 
than  the  sea  water  beneath. 

The  following  table  gives  the  dates  of  each  cruise,  the  number 


• 

c 

Trip.          u 

1      « 

C 

w 

2l8t 

Central 
Day. 

Interval 

from  last. 

(Days.) 

Change  of  Mean 
Temperature. 

Total,  'per  Day. 

1 

Days 

per 

Deg. 

Total  Change 
of  Heat. 

1 

ATerace 
;     Change  of 
!  Heat  per  Day. 

1 

April,  13th 

9  Il7th 

1 

— 

1 

i 

June,  16th 

22nd 

7    19th 

63 

+  3"-l    +0"05 

20    +465,000  xlO« 

+  7,000  xlO' 

Aug.,    4th 

12th 

9 

8th 

50 

+  3'*-9!+0'*08 

13    +585,000    „ 

+  11,600,, 

Sept. , 

22nd 

29th 

8 

26th, 

49 

+  2'' -9  1+0" -06 

17    +438,000    „ 

+  9,000  „ 

Nov., 

nth 

19th 

9 

15th 

50 

-ro;-o°02 

50    -146,000    „ 

-  3,000  „ 

Dec,  i23rd 

3lBt 

9   27th 

42 

-3*"9    -0'-09 

11    -585,000    „ 

1  - 14.000  „ 

1 

Feb., 

3rd 

12th 

10 

8th 

42 

-2'-7    -0'-07 

• 

15^ 

-405,000    „ 

-  9,600  „ 

of  days  between  the  central  days  of  successive  trips,  the  average 
daily  change  of  mean  temperature  in  the  mass  of  the  water,  and 
the  calculated  change  in  the  amount  of  heat  present,  using  as  a 
unit  of  heat  the  amount  required  to  raise  the  temperature  of  one 
ton  of  sea  water,   1"   F.      The   average  daily  change  of  mean 
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temperature  from  April  to  February  was  ^yth  of  a  degree 
Fahrenheit,  corresponding  for  the  whole  mass  of  water  to  a 
change  in  total  heat  sufficient  to  alter  the  temperature  of  9000 
million  tons  of  sea  water  one  degree. 

The  total  heat  gained  from  April  to  September,  1886,  by  the 
water  of  the  Clyde  Sea- Area  was  1,545,000  million  ton  degrees, 
shown  by  a  rise  in  mean  temperature  of  10' '3;  the  total  loss  of 
heat  from  September,  1886,  to  February,  1887,  was  1,200,000 
million  ton  degrees,  coiTesponding  to  a  fall  in  mean  temperature 
of  8''0 ;  thus  leaving  in  the  water  345,000  million  ton  degrees,  or 
sufficient  to  raise  the  mean  temperature  2'"3. 

The  yearly  variations  of  temperature  are  unknown,  and  only  the 
slenderest  data  are  present  to  guess  from.  In  the  deep  water  off 
Skate  Island  observations  were  taken  by  Mr.  Buchanan  in  August, 
1878,  and  June,  1879,  and  by  the  Scottish  Marine  Station  staff  in 
August,  1885,  and  June  and  August,  1886.     The  results  are: — 


28.8.78. 

28.8.85. 

10.8.86. 

25.6.79. 

21.6.86. 

Surf., 

...  68-4 

54-8 

53-6 

51-6 

48-3 

Bot., 

•  •  •       fsO     4M 

47-6 

45-6 

42-6 

44*0 

What  is  aimed  at  in  the  present  investigation  is  to  have  a 
record  of  the  temperature  changes  taking  place  during  an  entire 
cycle  of  heating,  cooling,  and  heating  again  throughout  the  whole 
of  the  complicated  water  system  of  the  Firth  of  Clyde  and  its 
lochs,  and  to  do  this  with  a  degree  of  precision  and  completeness 
never  before  attempted  in  similar  work.  When  the  observations 
have  all  been  collected,  the  most  laborious  part  of  the  research  will 
be  still  to  commence  in  the  arrangement  and  discussion  of  results. 

At  present  the  work  is  not  in  a  sufficiently  advanced  state  to 
justify  any  applications  of  the  facts  ascertained  to  other  sciences, 
but  two  indications  of  possible  conclusions  may  be  stated.  It  has 
been  observed  that  throughout  almost  the  entire  year,  alike  when 
the  sea-area  is  cooling  and  warming,  the  Channel  is  warmer  than 
any  other  part  of  the  system.  Hence,  while  much  of  the  heat 
that  raises  the  temperature  of  the  mass  of  water  in  summer  comes 
in  from  the  Atlantic,  none  of  it  appears  to  go  out  again  in  that 
way.  The  whole  heat,  alike  that  i*adiated  directly  by  the  sun, 
communicated  by  heated  air  and  driven  in  by  tides,  leaves  the 
water  either  latent,  in  the  form  of  evaporated  water,  or  as  radiation 
into  space  through  the  air,  and  hence  the  air  must  be  warmed  to  a 
greater  degree  by  the  water  of  the  Clyde  sea-area  than  it  would  be, 
for  instance,  by  the  water  of  an  equal  area  of  the  Firth  of  Forth. 
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The  other  point  is  the  influence  -on  life ;  and  with  regaid  ^^ 
this  it  will  be  sufficient  to  copy  the  following  notes  from  a  1( 
from  Mr.  David  Robertson  of  Millport,  the  eminent  nataraUat 
"On  February  4th,  in  Upper  Loch  Fyne,  Mr.  J.  Murray,  of 
Challenger  Expedition,  attached  three  tow-nets  to  the  trawl 
one  net  to  the  beam  of  the  trawl  at  a  depth  of  70  fathoms, 
to  the  trawl  line  at  20  fathoms  from  the  bottom,  and  the  third 
40  fathoms  from  the  bottom.     The  temperature  of  the  water 
the  bottom  net  was  45** -9,  at  the  middle  net  46**3,  and  at 
upper  one  45**6.     In  all  three  nets  copepoda  were  modi 
abundant.     The  bottom  net  and  the  one  nearest  the 
contained  one  and  the  same  species,  but  the  contents  of  the  net 
the  middle  depth  were  different,  confined  to  an  abundant  speeus' 
a  copepod  loaded  with  ova.     With  them  there  were  two  or 
adult  schizopods  (Nyctiphanes  Norvegica).     As  the  middle 
of  the  loch  at  this  time  is  shown  to  be  warmer  than  either 
layer  above  or  below,  we  may  reasonably  assume  that  the 
in  ova  sought  the  warmer  layer.     I  have  often  noticed  that 
gatherings  taken  during  summer  from  the  surface  (not  di 
than  four  or  five  inches)  contained  more  larval  forms  than 
taken  two  or  three  feet  deeper. 

^^  On  10  th  February,  3^  miles  off  Davaar  Island  (Campbell 
three  nets  were  attached  to  the  sounding  line,  one  at  the 
in  26  fathoms,  another  at  13  fathoms  from  the  bottom,  and 
at  the  surface.  The  temperature  from  bottom  to  top  was  ttA; 
same,  43**8.  All  three  nets  contained  copepods  exclusively  of  onl'^ 
and  the  same  species,  with  the  exception  of  a  few  of  the  infusoriift  { 
Sagitta  bipunctata  shared  only  by  the  two  lower  nets.  There  ' 
was  very  little  of  any  kind  in  the  surface  net 

^^  The  vast  multitudes  of  these  minute  forms  that  swarm  in  on  - 
seas  both  summer  and  winter  must  yield  a  rich  harvest  to  thoee^. 
that  feed  and  fatten  on  them,  and  which  in  their  turn  yield 
supplies  to  higher  orders.     .     .     .     If  we  had  a  better  knowledge 
of  the  haunts  and  habits  of  these  small  animals,  the  food  of  fishe%  . 
we  would  most  likely  have  a  better  knowledge  of  the  fishes  them- 
selves.    For  instance,  as  it  is,  if  we  were  to  find  in  the  Firth  of 
Clyde  a  herring  with  its  stomach  filled  with  adult  Nyctiphamm 
Norvegica^  we  could  with  tolerable  certainty  say  that  it  had  been 
feeding  on  or  near  the  bottom,  at  a  depth  between  40  and  100 
fathoms." 
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XXXI. — Introduction  of  Sea  Water  into  Glasgow,      By 

John  Anderson. 


[Read  before  the  Society,  2nd  March,  1887.] 


The  idea  of  introducing  salt  water  into  Glasgow  is  not  original. 
About  twenty  years  ago  the  late  Mr.  Morris  Pollok,  of  Govan, 
advocated  the  utilizing  of  the  Corporation  engines,  "  Samson"  and 
"  Goliath,"  for  pumping  salt  water  up  from  Gourock. 

The  fact  that  a  gentleman  of  matured  experience  should  have 
recognised  the  advantages  of  bringing  salt  water  into  the  city 
gives  me  the  hope  that  you  will  look  upon  the  following  scheme 
as  worthy  of  consideration. 

In  advocating  the  introduction  of  sea  water  into  Glasgow  I  will 
keep  clear  of  unnecessary  detail,  and  will  merely  look  at  the 
scheme  from  the  three  broad  standpoints  of — 

I.  Can  it  be  done  % 
II.  What  would  it  cost  1  and 
III.  Should  it  be  done  1 

On  looking  over  the  Ordnance  Survey  Map,  a  number  of  posi- 
tions on  the  Clyde  present  themselves  as  apparently  suitable  for  the 
purposes  of  such  a  scheme,  but  a  careful  examination  will  show 
that  there  is  no  position  so  suitable  as  Saltcoats.  Some  places 
from  which  salt  water  could  be  taken  are  nearer  to  Glasgow,  but 
they  present  some  greater  obstacle  or  objection.  For  example, 
the  distance  from  the  West  Bay  or  from  Kempock  Point  at 
Gourock  is  25  miles,  or  4  miles  nearer  to  Glasgow  than  Saltcoats, 
but  the  cost  of  works,  owing  to  the  position  of  the  reservoirs, 
would  probably  be  as  great;  and  a  more  serious  objection  is  the 
character  of  the  water  itself,  which  is  too  much  of  the  "  half-and- 
half"  element  to  be  of  much  benefit.  The  Irvine  route  is  also 
2  miles  nearer  to  Glasgow  than  the  Saltcoats  route,  but  the  ground 
gradually  rises  until,  at  a  distance  of  15  miles  from  the  coast,  it 
reaches  a  height  of  749  feet.  This  would,  of  course,  cause  the 
cost  of  pumping  to  be  much  too  expensive. 
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I  have  therefore  come  to  the  conclusion  that  there  is  no  better 
position  on  the  Clyde  than  Saltcoats,  because  there,  within  a 
reasonable  distance  from  the  coast,  will  be  found  sufficient  elevation 
for  the  reservoir,  while  the  rocky  shore  and  the  fine  strong  sea 
water  cause  this  position  to  be  most  favourable  for  the  purposes 
of  suci)  a  scheme. 

A  glance  at  the  accompanying  plan  (Plate  XII.)  will  show  the 
suggested  route.  The  water  is  taken  from  the  sea  at  Saltcoats. 
The  pipe  is  laid  along  the  public  road,  passing  through  Dairy,  Beith, 
Elderslie,  Paisley,  Ibro?c,  and  into  Glasgow — a  total  distance  of  29 
miles.  At  one  point  the  pipe  leaves  the  road  in  order  to  avoid 
high  ground.  The  reason  for  using  the  public  road  is  because  it 
is  cheaper  to  lay  a  pipe  there  than  through  private  ground.  There 
is  a  prevalent  idea  that  to  lay  a  pipe  along  the  railway  would  be  a 
cheaper  method ;  this  is  a  mistake — the  railway  being  at  a  lower 
level  would  necessitate  a  thicker  pipe  to  resist  the  extra  pressure, 
the  cost  of  the  pipes  would  therefore  be  greater ;  there  would  also 
be  a  heavy  annual  rental  for  '^way-leave,"  and  the  risk  of  damages 
caused  by  pipes  bursting  would  be  very  great. 

The  sketch  of  the  elevation  shows  the  position  of  the  reservoir 
and  the  different  heights  between  it  and  Glasgow.  The  pumping 
engines  are  placed  at  Saltcoats,  the  water  is  pumped  up  to  the 
reservoir  which  is  situated  about  half-way  between  Saltcoats  and 
Dairy,  at  an  elevation  of  360  feet  above  datum  line.  The  highest 
intervening  point  between  this  and  Glasgow  is  300  feet;  the 
highest  point  of  Glasgow  is  180  feet.  The  water  would  therefore 
flow  from  the  reservoir  into  Glasgow  without  interruption,  and 
would  rise  considerably  above  its  highest  level.  At  Kelvinside 
it  would  rise  to  a  height  of  200  feet  by  day  and  250  feet  by 
night. 

As  to  the  engineering  difficulties — no  doubt  they  are  consider- 
able, especially  between  the  sea  and  the  reservoir,  but  these 
difficulties  to  men  like  our  city  engineers,  who  carried  out,  and 
who  are  at  present  extending,  our  magnificent  fresh-water  supply, 
would  hardly  be  considered  difficulties  at  all ;  in  fact,  the  pro- 
fessional gentleman  to  whom  I  am  indebted  for  the  calculations 
for  this  scheme  is  of  the  opinion  that  most  undoubtedly  it  can  be 
done. 

As   the   cost  of  carrying  out  a  scheme   such  as  this   in   its 

entirety  would  be*  very  great,  it  might  be  advisable  to  try  it  on 

A  modi^ed  scale,  and  then,  when  the  citizens  realized  its  benefits. 
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and  if  it  was  found  that  the  scheme  would  pay,  the  pipes 
and  engines  could  be  duplicated  and  the  scheme  gradually 
extended. 

I  think  a  reasonable  and  a  useful  quantity  of  sea  water  to  take 
as  a  basis  would  be  10  million  gallons  per  week,  or  520  million 
gallons  per  annum.  The  works  to  supply  this  quantity  of  water 
would  cost  about  £210,000.  This  sum  includes  pumping  engines 
of  250  horse-power  nominal,  24-inch  main  pipe,  cost  of  reservoir, 
piping  to  each  of  the  public  and  private  baths.  Act  of  Parliament, 
10  per  cent,  for  contingencies,  and  all  necessary  works.  Of 
course,  the  calculations  are  approximate;  it  would  be  impossible 
to  get  at  the  exact  cost  without  issuing  schedules  to  contractors. 
The  sum  allowed  for  Parliamentary  expenses  would  be  exceeded 
in  the  event  of  the  Bill  being  seriously  opposed. 

The  10  million  gallons  per  week  has  been  taken  as  a  basis, 
because  there  can  be  little  doubt  that  this  quantity  could 
easily  be  disposed  off  at  a  payable  rate,'  and  also,  because  in  the 
event  of  a  larger  quantity  of  water  being  required,  it  would  be 
more  advisable  to  have  duplicate  pipes  and  duplicate  engines  than 
to  have  a  larger  single  pipe.  A  duplicate  reservoir  would  not  be 
necessary. 

A  total  cost  of  £210,000  represents  an  annual  outlay  of  £18,000 
per  annum,  being  £10,500  for  interest  on  money  and  sinking  fund, 
and  £7,500  for  working  expenses. 

The  water  might  be  disposed  off  according  to  a  sliding  scale 
something  like  the  following: — 

For  any  quantity  from  80,000  to  100,000 

gallons  per  annum,     -        •        -        -       Is.  por  1,000  gallons. 

For  any  quantity  from  100,000  to  500,000 

gallons  per  annum,     ....     lOd. 

For  any  quantity  from  500,000  to  2,000,000 

gallons  per  annum,  •        •      8d. 

For  any  quantity  from  2,000,000  gallons 

and  upwards, 6d. 

A  minimum  charge  being  £4. 

Of  this  quantity  of  water  the  public  and  private  bath 
companies  would  require,  say,  80  million  gallons,  at 
6d.  per  1,000,      ....  ...     £2,000 

And,  say,  4,000  families  at  £4  each, 16,000 
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Last  year  the  swimming  baths  used  117  million  gallons  of  water, 
but  as  sea  water  would  be  used  principally  for  the  swimming  ponds, 
80  million  gallons  should  be  ample.  At  present  the  public  baths 
are  supplied  with  Loch  Katrine  water  gratis,  but  the  additional 
revenue  from  the  baths  if  they  were  supplied  with  sea  water 
would,  I  consider,  more  than  compensate  for  the  cost  of  the 
water.  In  support  of  this  statement,  the  Comwallis  Street  Baths, 
Liverpool,  may  be  mentioned.  In  1880,  with  fresh  water,  the 
number  of  bathers  was  96,685,  and  the  income  was  £1,638  2s.  5d. 
In  1884,  after  salt  water  was  introduced,  the  number  of  bathers 
rose  to  114,896,  and  the  income  to  £1,968  7s.  9d.  The  only  other 
analogous  case  I  can  find  is  that  of  the  Greenock  Bath  Company. 
The  secretary  states  that  the  average  daily  number  of  male 
bathers  in  summer  when  the  pond  was  supplied  with  iresh. 
water  was  30,  after  salt  water  was  introduced  the  number  in- 
creased to  80,  and  among  the  lady  members  the  contrast  was 
still  greater. 

If  the  Glasgow  baths  were  supplied  with  sea  water  the  increase 
of  bathers  would  probably  be  much  greater,  because  our  water 
would  be  far  superior  to  either  that  of  Liverpool  or  Greenock. 
The  water  for  both  of  these  places  requires  to  be  filtered. 

As  to  4,000  families  at  £4.  There  might  be  some  question  as 
to  this  number  being  likely  to  use  the  water,  but  when  the  route 
of  the  pipe  is  taken  into  consideration,  the  number  of  villas  along 
or  near  the  route,  and  the  very  large  number  of  families  in  the 
suburbs  who  would  be  certain  to  have  it,  I  think  that  there  is 
very  little  doubt  that  the  full  quantity  of  water  for  disposal  would 
be  at  once  taken  up. 

The  objection  pi*esents  itself  that  in  a  scheme  such  as  this 
Glasgow  would  benefit  the  suburbs  quite  as  much  as  the  city. 
The  number  of  dwelling-houses  in  Glasgow  above  £20  rental  is 
gradually  decreasing,  simply  because  people  who  can  pay  more 
than  £20  prefer  living  in  the  suburbs;  it  would  therefore  be 
impossible  to  introduce  sea  water  into  the  city  at  a  cheap  rate 
without  supplying  a  large  proportion  to  the  suburbs,  in  fact,  it 
would  be  to  the  advantage  of  the  city  to  supply  as  much  water  as 
possible  beyond  the  boundaries.  The  more  water  disposed  of 
beyond  the  boundaries  the  cheaper  the  water  would  be  for  the  city 
itself.  The  quantity  of  water  to  which  a  small  consumer  would 
be  entitled  for  his  £4  would  be  80,000  gallons,  which  is  equal 
to  670  fiJs  of  an  ordinary  plunge  bath,  or  two  baths  per  day. 
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It  might  be  considered  advisable  to  supply  a  smaUer  quantity  at 
an  increased  rate,  but  this  is  a  matter  of  detail  which  could  only 
be  found  out  by  experience. 

I^  in  addition  to  the  80  million  gallons  required  by  the  swim- 
ming ponds,  the  whole  of  the  4,000  families  used  the  full  supply 
to  which  they  were  entitled,  there  would  still  be  left  a  surplus  of 
120  million  gallons,  which  could  be  distributed  gratis  by  stand- 
pipes  in  different  quarters  of  the  town  for  those  who  chose  to  use 
it.  It  is  highly  probable,  therefore,  that  the  scheme  would  not 
only  pay  itself,  but  would  leave  a  very  large  proportion  of  sea  water 
for  free  distribution. 

It  has  been  suggested  that  a  public  company' should  be  formed 
to  introduce  sea  water  into  the  city,  but  this  I  think  would 
defeat  the  grand  aim  of  the  scheme,  which  is  to  supply  as  much 
water  as  possible  at  the  lowest  possible  rate,  with  the  view  of 
improving  the  health  of  the  community.  A  public  company  could 
not  carry  out  or  manage  a  scheme  like  this  so  efficiently  or  so 
economically  as  the  Corporation;  nor  is  it  at  all  likely  that  the 
Corporation  would  allow  a  public  company  to  carry  out  a  scheme 
which  might  in  some  instances  clash  with  the  interests  of  the 
Water  Commissioners. 

The  introduction  of  sea  water  into  Glasgow  would  undoubtedly 
prove  beneficial  to  the  inhabitants,  but  more  particularly  would 
it  be  of  benefit  to  the  rising  generation.  To  the  poor  and  to  the 
better  classes  alike  it  would  be  not  only  a  benefit  but  a  luxury. 
The  poorer  classes  would  have  sea  water  at  their  very  doors,  the 
better  classes  could  have  it  into  their  houses.  Those  popular 
institutions— our  pubUc  baths— which  must  be  doing  a  great 
amount  of  good,  both  physically  and  morally,  to  the  young  men 
of  Glasgow,  would  become  still  more  popular  and  would  con- 
sequently do  still  more  good. 

Dr.  Sydney  Binger,  in  his  work  on  Therapeutics,  says — '^It  is 
scarcely  necessary  to  occupy  much  space  in  a  description  of  cases 
in  which  sea  bathing  may  be  usefully  employed.  In  chronic 
illnesses  with  debility  sea  baths  yield  the  best  results;  but  it  is 
useful  specially  to  convalescents  from  acute  disease,  to  those 
whose  health  has  been  broken  by  overwork,  by  residence  in 
towns  with  a  too  sedentary  employment,  or  injured  by  excesses 
of  various  kinds." 

I  have  called  ou  several  of  our  leading  medical  men  and  have 
asked    their  opinion   as   to   whether    they   considered  that  the 
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introduction  of  sea  water  into  Glasgow  would  be  of  benefit  to  the 
inhabitants. 

One  gentleman  said  '^it  was  difficult  to  realize  the  benefits, 
they  would  be  so  great;''  another  says — "Sea  water  baths,  cold 
or  warm,  when  judiciously  employed,  whether  for  personal  gratifi 
cation,  or  for  prevention,  alleviation,  and  cure  of  disease,  or  the 
restoration  of  renewed  vigour  to  the  worn-out  and  exhausted,  are 
agreeable,  refreshing,  and  remedial  agents  of  a  very  high  order; 
where  common  water  baths  would  relax — fatigue  and  relax — 
sea  water  baths  give  comfort,  stimulate,  and  refresh.  In  many 
diseases  characterised  by  debility  and  diminished  vital  powers, 
which  manifest  tliemselves  particularly  in  childhood  and  youth, 
sea  water  baths  exert  a  bracing  and  tonic  influence  upon  the 
system  and  prove  highly  restorative  and  beneficial ;"  and  another 
of  our  leading  medical  gentlemen  says  —  "  While  ofiering  no 
opinion  as  to  the  financial  or  engineering  aspects  of  the  question 
of  the  introduction  of  sea  water  to  Glasgow,  I  have  yet  no 
hesitation  in  saying  that,  on  hygienic  grounds,  great  benefit 
would  accrue  to  the  citizens  from  the  habitual  use  of  sea  water 
bathing.  Sea  water  is  more  tonic  in  its  action  on  the  system 
and  more  stimulating  to  the  skin  than  fresh  water,  and  the  ad- 
vantage of  having  it  in  public  baths  and  in  one's  own  house  would 
be  very  great,  especially  to  the  young.  In  scrofulous  and  chloratic 
conditions  of  the  system  sea  bathing  is  recognized  as  a  valuable 
remedy;  and  during  the  period  of  growth,  especially  if  there  be  some 
debility,  the  use  of  sea  baths  at  suitable  temperatures  is  doubtless 
of  great  value.  If  bathing  in  sea  water  could  be  largely  practised 
in  Glasgow  by  the  young,  it  would  greatly  contribute  (along  with 
improved  dietary)  to  lessen  the  amount  of  rickets  and  other  diseases 
of  development  which  prevail." 

In  short,  there  seem  not  to  be  two  opinions  as  to  sea  water 
proving  beneficial  to  the  inhabitants;  the  whole  matter  seems 
to  reduce  itself  to  the  point — "Is  it  worth  the  money?" 

Our  Councillors  liave  already  undertaken  many  great  works 
with  the  view  of  improving  the  health  of  the  community,  such 
as  the  City  Improvement  Scheme,  which  has  cost  an  average 
of  2 id.  per  pound  since  its  commencement  in  1866.  Our 
Public  Baths  cost  the  ratepayers  one-third  of  a  penny  per 
pound,  exclusive  of  water,  sinking  fund,  and  depreciation.  The 
introduction  of  sea  water  forms  a  sort  of  natural  appendix  to 
these  great   schemes,  and  although,  it  is  a  very  small    sSait 
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compared  with  them,  it  would,  even  in  the  modified  scale 
indicated,  undoubtedly  prove  beneficial  to  the  inhabitants,  and 
when  in  working  order  would,  I  believe,  cost  the  ratepayers 
nothing. 

The  quantity  of  water  mentioned — 520  million  gallons  per  annum 
— may  seem  a  very  small  matter,  and  not  worth  the  labour  it  would 
involve;  but  it  should  be  remembered  that  the  quantity  is  quite 
sufficient  to  test  the  scheme,  and  to  attempt  more  would  hardly  be 
judicious,  while  the  experience  gained  would  act  as  an  index  for 
future  guidance. 

If  it  is  the  case  that  sea  water  can  be  introduced  into  the  city, 
that  it  would  be  beneficial  to  the  inhabitants,  and  that  there  is 
very  little  likelihood  of  any  tax  being  required,  then  surely  the 
scheme  is  worthy  of  a  trial ;  and  I  venture  to  think  that  if  our 
Town  Council  could  see  their  way  to  enter  into  a  scheme  such  as 
this,  they  would  meet  with  the  hearty  support  of  the  citizens  of 
Glasgow. 


APPENDIX. 


The  following  are  the  quantities  of  water  required  to  fill  the 
various  Swimming  Ponds : — 


GallonR. 

Gallous. 

Greenhead,  - 

-     93,750 

Victoria,     - 

-    90,000 

N.  Woodside, 

-     93,750 

Arlington,  - 

-     84,000 

Townhead,  - 

-     96,875 

Western,     - 

-     83,000 

Gorbals, 

-  100,544 

Dennistoun, 

-     69,300 

Cranstonhill, 

.  104,256 

Bellahouston, 

.     60,000 

Total, 


489,175 


386,300 


875,475  gallons — 


being  about  44  million  gallons  per  annum,  allowing  for  the  ponds 
being  filled  once  every  week.  The  balance  of  36  millions  should 
be  quite  sufficient  for  showers,  hot  baths,  and  keeping  the  water 
in  pond  up  to  its  proper  level. 

The  rental  of  dwelling-houses  above  £20  in  Glasgow  is  about 
£300,000,  which  is  gradually  diminishing,  the  adjoining  burghs 
being  principally  formed  from  this  class  of  tenants* 
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The  rental  of  dwelling-houses  above  £20  in  the  suburbs  uiife^ 


the  following: — 


ffillhead, 
Kelvinside, 
Pollokshields  E., 
PollokshieldsW., 
Crosshill, 


£83,000 
£83,000 
£44,000 
£32,000 
£24,000 


! 

A 
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XXXII.  —  On  Fouia   Gas-Fire :  A    New   Departure  in  using 
Gaseous  Fuel  for  Domestic  Pur])oses.     By  the  Secretary. 


[Abstract  of  Paper  read  before  the  Society,  5th  Januaty,  1S87.] 


When  a  hitch  occurs  in  providing  a  supply  of  papers  for  any 
particular  meeting  of  a  society  such  as  our  own,  it  is  generally 
understood,  I  believe,  that  the  Secretary  should  alwajrs  be  ready 
to  step  into  the  breach.  Acting  on  that  understanding,  I  appear 
before  you  this  evening  to  occupy  a  portion  of  the  time,  as,  owing 
to  a  misunderstanding,  an  important  paper  that  has  been  promised 
to  the  Society,  through  your  President^  is  scarcely  yet  available. 
I  had  no  desire  to  thrust  myself  before  the  Society  to  submit  any 
formal  paper,  but  as  the  holidays  were  at  hand  I  found  that  it  was 
practically  impossible  to  secure  any  other  person  ready  and  willing 
to  fill  up  the  gap.  That  is  my  only  excuse  for  offering,  at  this 
time,  some  remarks  on  the  subject  mentioned  in  the  billet  conven 
ing  the  meeting.  I  should,  perhaps,  also  explain  that  in  bringing 
forward  this  subject^  I  alone  am  responsible,  as  the  inventor  of  the 
gas-fire  which  I  am  about  to  describe  was  very  unwilling  that  it 
should  be  brought  forward  here  lest  the  act  of  doing  so  might  be 
regarded  as  one  having  an  advertising  tendency. 

Having  for  several  months  watched  the  progress  of  the  invention 
until  it  has  reached  its  present  comparatively  perfect  stage,  and 
knowing  that  in  working  it  out  our  fellow-member,  Mr.  Foulis, 
has  successfully  applied  a  most  important  principle  of  physical 
science  which  has  hitherto  been  but  little  known  amongst  persons 
who  have  to  work  processes  involving  the  use  of  very  high  tem- 
peratures, I  felt  quite  assured  that  the  gas-fire  to  be  described 
was  worthy  of  our  consideration  on  scientific  grounds  alone ;  and 
it  is  on  those  grounds  that  I  present  it  to  your  notice. 

Some  of  you  may  be  aware  that  Mr.  Frederick  Siemens,  brother 
of  the  late  Sir  William  Siemens,  has,  during  the  last  two  years  or 
so,  brought  under  the  notice  of  scientific  men  generally,  and  of 
metallurgists  in  particular,  the  important  fact  that  the  full  valuA 
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of  flame-heat  in  furnaces  is  only  obtainable  when  the  flame  is 
allowed  to  spend  itself  without  coming  into  direct  contact  with 
red-hot  surfaces,  whether  they  be  of  metals  in  the  molten  state 
or  of  solid  brickwork,  <fec.  Mr.  Siemens  has  on  several  occasions, 
and  more  especially  before  the  members  of  the  Iron  and  Steel 
Institute,  dwelt  very  forcibly  upon  this  principle,  and  he  has 
given  various  excellent  illustrations  of  its  truth,  all  drawn  from 
practical  experience  in  working  steel-melting,  glass-melting,  and 
other  furnaces  where  intense  heats  are  generated.  It  is  this  same 
principle  that  Mr.  Foulis  has  turned  to  practical  account  in  devis- 
ing his  gas-fire.  The  gaseous  fuel,  in  admixture  with  the  necessary 
quantity  of  air,  is  inflamed  at  the  mouths  of  a  series  of  Bunsen 
burner  tubes,  and  the  resulting  flames  bum  in  a  separate  com- 
bustion chamber  before  the  current  of  hot  gases  is  allowed  to 
impinge  upon  the  surface  of  the  material  which  it  is  desired  to 
render  incandescent.  It  will  thus  be  seen  that  the  aim  of  the 
inventor  has  been  to  get  as  perfect  combustion  as  possible  without 
any  direct  contact  of  the  flame  with  solid  matter.  In  carrying  out 
his  endeavours  he  has  been  highly  successful — so  successful,  indeed, 
that  for  heating  effect  this  gas-fire  has  no  equal,  if  we  take  equal 
gas  consumption  and  equal  heating  surface  into  consideration. 
The  "  Foulis  "  gas-fire  also  takes  advantage  of  another  important 
principle,  that  of  heat-regeneration,  which  was  so  extensively 
applied  in  various  kinds  of  furnaces  by  Sir  William  Siemens,  and 
which  Mr.  Foulis,  in  conjunction  with  that  gentleman,  has  exten- 
sively adopted  in  the  retort  furnaces  at  Dawsholm  and  Dalmamock 
Gas-works. 

In  the  "  Foulis  "  fire  the  air  required  for  the  combustion  of  the 
gaseous  fuel  is  raised  to  a  high  temperature  before  it  is  allowed  to 
mix  with  it;  and  in  this  way  the  calorific  power  of  the  gas  is  very 
greatly  increased.  In  its  most  perfect  form  this  gas-fire  provides 
a  current  of  warm,  fresh  air,  which  is  distributed  through  the 
apartment  in  which  the  fire  is  placed,  and  the  heat  which  is 
imparted  to  this  current  of  air  is  abstracted  from  the  effluent 
waste  gases  on  theii'  way  to  the  chimney.  The  fire  is  thus  seen 
to  be  a  practical  embodiment  of  three  impoi*tant  scientific  principles. 

By  reference  to  a  large  diagram  on  the  wall,  the  author  showed 
that,  as  an  essential  feature  of  the  invention,  there  was  a  hollow 
fire-brick  the  hollow  space  in  which  is  the  combustion  chamber 
(B  in  the  accompanying  figure).  In  this  chamber  the  gas  is  burned, 
and  without,  if  possible,  the  flame  coming  into  contact  with  the 
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mils,  which  are  themaelvea  Ibnned  of  four  apecial  fin-brii^  It 
WM  worthy  of  remark,  he  aaid,  that  the  flame  nerer  oune  into 
contact  with  the  castiron  plates  fonniiig  the  outer  shell  of  the 
gK^-fireL  Iq  another  chamber,  or  passage,  the  principal  air  snpplj 
to  the  bnmers  waa  admitted;  and,  in  this  chamber  also,  the 
principle  of  heat-regeneration  was  taken  advant^e  ol  Extend- 
ing all  over  the  back  and  both  sides  of  the  fire  there  was  a  third 
chamber,  or  space,  throagfa  which  the  cold,  fresh  air  was  admitted, 
which  was  eventoally  delivered  into  the  atmosphere  of  the  room 
in  the  healed  condition,  the  said  air  being  exposed  in  that  space 
to  a  large  extent  of  heating  snrface.  The  hot  gaseons  products  of 
GOmbuBtion,  after  passing  through  what  was  known  as  the  "  burner 
brick,"  ultimately  found  tbeir  way  to  tbe  chimney,  in  their  course 
giving  up  a  large  quantity  of  their  heat  to  the  fresh  ur  fonneriy 
spoken  o(  and  which  was  at  length  discharged  into  the  room 
through  a  series  of  apertures  immediately  underneath  the  top  of 
the  fire. 

Fouu^  BEOEmmiTOB  Ga8-Fib& 
SEcnoKAi.  View. 


^— Bimier  Brick. 
B—OaahaaAioa  Chunbcr. 


■npplj  to  Bnmera. 
D-ColA  Ait  Inlet, 
A— Floe  to  Chininey. 

'Chamber  for  Heating  Air. 

Hot  Air  Outlet. 


Proceeding  to  describe  the  "  buni«r  brick  "  with  some  detail,  the 
aathor  stated  that  it  was  formed  of  fire-clay  of  sperial  quality, 
and  that  it  was  of  [leculiar  construction.  Its  front  portion  wsb 
fbnned  of  an  irregular  fretwork,  the  aim  of  which  was  to  resemble, 
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as  cloeely  as  possible,  a  mass  of  brightly-glowing  coal  or  coke. 
Tiiis  brick  reached  all  the  way  across  the  gas-fire,  and  it  was 
generally  seven  or  eight  inches  high,  and  about  three-and-a-half 
inches  in  thickness.  It  consisted  essentially  of  two  portions. 
The  posterior  half  had  a  plain,  solid  surface,  where  it  was  set 
against  the  anterior  portion  of  the  air-heating  space,  and  the  front 
portion  of  the  brick  was  formed  of  the  irregular  fretwork  previously 
referred  to,  its  individual  parts  being  separately  moulded  by  hand 
out  of  soft,  plastic  clay.  Along  the  bottom  edge  of  the  "  burner 
brick  "  there  was  a  series  of  openings,  each  of  which  was  opposite 
to  one  of  the  Bunsen  burner  tubes.  These  openings  were  shown  to 
communicate  with  numerous  irregular  passages,  so  that  the  upward 
progress  of  the  current  of  hot  gases  might  be  as  much  baffled  or 
interrupted  as  possible.  When  the  "  burner  brick  "  was  properly 
fashioned,  and  the  gas-fire  was  going  well,  the  lower  portion  of  the 
brick  should  become  incandescent,  even  to  whiteness,  while  the 
upper  portion  was  of  a  more  or  less  bright  red;  and  such  a  fire 
was  one  of  the  very  best  "  make-believes "  that  had  yet  been 
brought  under  public  notice. 


Note. — The  gas-fire  described  was  designed  for  consuming  about  36  cubic 
feet  of  gas  per  hour.  Through  the  kindness  of  Messrs.  R  &  A.  Main,  a 
typical  example  of  this  invention  was  fitted  up  on  the  lecture  table  and 
shown  in  practical  operation  during  the  evening.  Much  interest  in  it  was 
displayed  by  the  members  present. — J.  M. 
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XXXIII. — An  Experiniental  Research  on  the  Artificial  Cultiva- 
tion of  Vaccine  Lyniph,  with  observations  on  the  7icUure  of 
Vaccijie  and  the  Imviunity  produced  by  Vaccinia,  By  Neil 
Carmichael,  M.D. 


[Read  before  the  Society,  19th  January,  1887.] 


Normal  vaccine  lymph  is  a  colourless  transparent  liquid,  in 
chemical  composition  resembling  the  plasma  of  blood,  and  contain- 
ing solid  particles  of  various  kinds.  It  is  rich  in  albuminous 
substances,  and  contains  salts,  mainly  phosphates  of  alkalies  and 
alkaline  earths,  which  give  to  it  a  slightly  alkaline  reaction. 
Under  the  microscope  the  particles  held  in  suspension  are  found 
to  be  leucocytes  (white  blood  corpuscles,  or  pus  cells),  epithelial 
cells  from  the  skin,  large  multinuclear  cells,  numerous  irregular 
particles,  probably  the  debris  of  cells,  and  micrococci.  These 
micrococci*  may  be  found  free  or  variously  grouped,  not  infre- 
quently forming  chains,  but  as  a  rule  massed,  without  any 
evident  system  of  grouping.  They  are  minute  colourless 
motionless  transparent  spherules,  in  diameter  about  the  twenty- 
thousandth  of  an  inch,  and  are  probably  vegetable  and  parasiticf 
in  their  nature.  They  multiply  by  fission,  and  when  planted  in 
a  suitable  soil,  as  in  the  skin  of  a  child  or  a  calf,  they  multiply 
with  great  rapidity.  These  micrococci  are  invariably  present  in 
vaccine  lymph,  humanized  or  calf,  and  no  other  organisms  are 
found.  It  is  now  pretty  generally  conceded  that  these  micrococci 
are  the  specific  agents  in  vaccine  lymph  which  produce  vaccinia. 
Experiments  by  Chauveau,J  Burdon  Sanderson,^  and  others, 
have  demonstrated  that  the  liquid  portion  of  the  vaccine  ]ymj>h,  that 
is  to  say,  the  vaccine  lymph  freed  by  filtration  or  deposit  from  its 
contained  particles,  does  not  produce  vaccinia,  and  that  the 
particles,  on  the  other  hand,  are  cap:i>)le  of  pro^lucing  the  disease. 
But  which  amongst  the  particles   produces  the  disease?      We 

*  ••  Micro-organisma  and  Diaease,"  Klein,  p.  47.     *'  Le  Bact4ri«8,"  Cornll 
and  Babes,  p.  535. 
t  Braidwood  and  Vacber. 

X  Comp.  Rend.  Acad.  d.  8c.,  Paris,  t.  Ixvi.     18ft^. 
i  Report  on  "  Intimate  Pathology  of  Contagion.*' 
Vol.  XVIU.  2  a 
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cannot  attribute  the  active  agency  to  the  leucocytes,  because 
these  are  inflammatory  products,  and  are  fewest  in  the  most 
active  lymph ;  nor  to  the  epithelial  cells  or  the  granular  debris, 
because  these  are  really  necrosed  particles,  the  products  of  the 
inflammatory  and  specific  action  within  the  vesicles,  and,  like  the 
leucocytes,  are  least  to  be  found  in  the  purest  and  most  active 
lymph.  Nor  can  we  attribute  it  to  the  large  multinuclear  cells 
which  are  few  in  number,  which  are  evidently  tissue  cells  pro- 
liferating, and  which  are  few  in  active  lymph ;  nor  to  blood  cells 
or  other  adventitious  particles.  There  remain,  then,  only  the 
micrococci  to  which  we  can  ascribe  the  active  agency  in  the 
production  of  vaccinia.  That  this  is  so  is  supported  by  the 
following  considerations  : — First — They  are  invariably  present  in 
vaccine  lymph ;  they  are  uniform  in  size  and  other  characters ; 
they  are  abundant  in  the  purest  and  most  active  lymph.  Second 
— They  are  the  only  living  organisms  found  in  vaccine  lymph. 
Third — They  multiply  enormously  when  the  lymph  is  planted  on 
the  calf  or  human  subject,  in  the  vaccinated  tissues,  and  subse- 
quently in  the  vesicles ;  and  this  active  proliferation  is  coincident 
with  the  active  development  of  vaccinia.*  Fourth — They  resemble 
organisms  which  are  found  in  some  other  infectious  diseases,  such 
as  erysipelas  and  pneumonia,  which  have  been  proved  to  be  the 
specific  factor  in  the  production  of  these  disorders.  And  so  we 
are,  I  believe,  justified  in  assuming  that  these  micrococci  are  the 
active  agents  in  the  vaccine  lymph  which  produce  vaccinia.  It 
is  interesting  to  note  that  smallpox  virus  contains  microbes 
almost,  if  not  indeed  absolutely  identical,  in  appearance  with 
those  of  vaccine  lymph,  t 

When  vaccine  lymph  is  inserted  into  the  skin  of  an  infant, 
besides  reproducing  itself  in  increased  quantity,  it  produces  the 
specific  disease  vaccinia.  This  specific  disease  in  some  way 
modifies  the  condition  of  the  subject  for  years,  so  that  lymph 
subsequently  planted  in  the  skin  will  not  develop  and  vaccinia 
cannot  be  produced.  Besides  this  it  is  found  that  the  vaccinated 
subject  is  much  less  susceptible  to,  or  is  entirely  protected 
against,  smallpox,  so  that  the  micrococci  of  vaccine  lymph  and 
smallpox  are  now  incapable  of  developing  on  this  soiL  In  what 
manner  the  development  of  vaccinia  and  the  multiplication  of  the 

*  Braidwood  and  Vacher. 

t  Comil  and  Babes.     Warlomont's  *'  Manual  of  Animal  Vaccination," 
page  3.     Klein,  **  Micro-OTgamama  wid  DUeaae,"  p.  47. 
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microbes  produce  the  protection  or  iiiHiiBcoptihility  jtiMt  iutu 
sidered  is  still  unsettled.  Various  hypotluwfm*  havo  Iw^mi 
suggested.  The  first  theory  is  that  of  oxhiiUHtion.  It  ih  mm\u\m\ 
that  the  microbes  entirely  use  up  or  (l(?Htroy  Horiif;  inaUtrial  in 
the  system  which  is  necessary,  that  is  to  say,  whi/^h  (umt^\^U\U^^ 
the  food  or  a  necessary  portion  of  tlio  fof>fJ  of  \\\t''At\  ttrv}%u\A]u*\. 
Against  this  it  may  be  stated  : — Firnt — That  wo  rlo  not  know  finy 
such  material;  Second — That  any  normal  conMtitia^nt  of  iSw.  \ttt*\y^ 
if  removed,  would  in  all  proliabiUty  \tfi  v.]i*M.i\\\y  rt-.ut'.wt-A  ;  ftod 
Third — ^That  such  microbes  of  dis^asf;  as  aro  famiJiftrly  Vuhwu  Ur 
cause  insusceptibility  to  their  own  furthfT  f(rf »wth  in  th':  pr'/f^'/;f^>J 
subject,  can  be  grown  in  infusions  of  thft  tiivtntm  f,f  iUf.  \,rf,uu.Uu\ 
subject,  and  in  comparativf.-ly  si rn  file  infuAiorr*  Tn/t  ttf-^/rhtl 
hypothesis  La  the  so-called  vitil  th^rory.  Thij*  Jciipf#^/^v-«  Mia»,  or# 
the  microbesi  Ijej^inning  to  multiply  in  th/?  ny^t^-in^  a  *f.rir///\fi  V/r 
supremacy  takes  place  hetw^^n  th^  tlAflnj«  fji.V*  ;*f./J  f.}i/r  tuuth^i^m, 
which,  when  the  Xisavlh  f:Hi\:<  xr-^,  virrti'/rio'M,  r '•:•'.••  »\^.*.  io  Kri^  /■>«»*(# t(//ri 
of  the  disease  and  an  incr*BMft  ^f  -jltil  *^ktir%f,  -e-i^K  a 4  r^r./J/-r4  ^\tH 
tissues  inausccDti h le  to  r.h •-  i\  r: ri^r  ju^a^**-.  ^f  f . fi^^v,  /o  1  / y '** /  ■<  T h - 4 
is  poetic&I,  but  is  haii  not  .11  ;r,n  K^^yor.d  tr.,-(  '^  i:ii.K/  ^a  f^/>'/r/»r/»Ar./| 
it.  It  w  c^iriouj,  KeJtiiiesL  -r.ar,  ♦h*^  i^Ar/^/i^Ail  /.f^tl  futt'if  a^^'^^A 
not  abio  er*ahie  thr*  vrxf^x:.  v,  .*r<i<:.  •>»<>!  M.\i%/M  ',f  ',*.r,Ar  >r»fv^*j/r»ti 
microhen.  The  Ti;:.-;  /.vv/*^.''':'-*!'*  ..1  uf^.  ^(*u<\tw**\\  '.ut^^,rt  i>,  m 
assumed  char.  In  •.;*%  ',r-^^f.t /•,!'  7/,-r*.fi  f)^-  u^.fff^^*  y.  fs  */,  <fi/i 
svstem  chemirA.  ■,»-v::ir».'^  v'.,<-.h  «/•••  i^-i/ir  !#*>- '■•  ^T♦  •»  r*-^***, 
inhihitiT**.  ii  - .  i  ^    .»•  -/n /. .  ^/m ;<   ',•'  v:  **■:..  7    ■ » »<*  'a        " ^f  t>*^.' ,    / ••.'♦^*   . " 

planted  in -jnivs  /m-/?   ^  w...:..;-i'i    ',►• 'jr  ». /■-.,»!/,•  ♦•.*l    .♦#'V,--." 

acid,  until  t.vj*   >»",»V'»^a»'i   ',*  »./-/,*i/.»    •••i/>i<-»   .  t  'r^   .  >    /"  ^-.i 
After  this  v»»nr    ir,     ;i-'.i<'r*   /.",'jr  :,    ',♦'    ^'i%i0^    '■-;:.<    .»,^«:'    y <♦/■/• 

because  iicfir.r,«   .»     '-,'•,'"■'     -     ..L.i.'f .  .'•    /,   :..*•    /,'.,'••/.    / 

yeasc  u  :r    s^    u    ;i *-,•.■•    ,»•,'■,/',''  /,'•    •-.i.i'  '  '    t**:** *"  »*  • .  /•    *,    :/■■-*• 
or^ni.^nif!.      Tr'  ^i.-'       /   -•      -  -      ,*^  .*•>!     >./•    ■'  ■.  /*-    *    • 

a^i^n  iiiBr;«n  -'.,f    '.-Ai-    ,  --  ?     .-./.'*     ■/    ..u\    :  /    ,#    ^'^  •*    .>.-*«;/y. 

been  rFinir>»v<j  >.-.•-.      -•  .  '    .     .-y...-.      ./'''''■■        -     '  y 

been   vi/Ur:      "    : -:    .•     -..■■♦     -   ..         v  •..•.>'/' 

pper*fnr)*   i.>   jT' •** *'*      '     ■ ->■•^     •     '*  -     *•,*•#.*     /  /.     •     Y     ^^-fc-.* 

cne  ice^i^  ■*<^-.'.*r  -i^.j*^         '  *■   --*-    *     -*.'     '^.^  <»■*  •     ^'     i.^    jr,>.«#*u 
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of  mycoderma  aceti  acts  towards  this  organism  as  docs  the  alcohol 
toward  yeast,  arresting  further  growth,  and,  if  in  large  proportion, 
destroying  the  organism  which  produced  it.  The  same  holds 
good  with  the  lactic  ferment,  the  butyric  ferment,  and  others. 
The  same  also  holds  true  of  the  cells  of  the  higher  organisms, 
including  man.  The  secretion  of  the  gastric  cells,  when  in 
contact  with  these  cells,  restrains  their  further  secretion.*  It  may 
indeed  be  looked  upon  as  a  general  law  of  biology,  that  the 
chemical  products  of  living  organisms,  when  retained  in  contact 
with  the^e  organisms,  check  or  arrest  their  functions  or  perhaps 
even  destroy  the  organisms.!  If  then  the  chemical  products  of  the 
growth  of  the  vaccine  micrococci  pass  into  the  circulation  of  the 
body  and  into  the  tissues,  it  is  not  hard  to  suppose  that  when  a 
certain  degree  of  saturation  is  produced  the  tissues  will  no  longer 
support  the  life  of  the  microbes,  and  so  long  as  these  products 
remain  in  the  tissues  the  subject  will  be  proof  against  the  further 
development  of  vaccinia. 

In  vaccinating  we  have  the  choice  of  two  kinds  of  lymph,  calf 
and  humanized.}  It  is  objected  to  the  use  of  humanized  lymph, 
First — That  it  is  inferior  in  potency  and  in  protective  power  to 
calf  lymph,  and  to  the  humanized  lymph  as  first  used  by  Jenner. 
It  is  supposed  by  cultivation  in  the  human  subject  to  have  become 
so  modified  that  it  is  less  violent  in  action  and  produces  a  less 
degree  of  protection.  Second — It  is  objected  that  there  is  great 
risk  of  transmission  of  disease  from  child  to  child  with  the  lymph. 
This  danger  is,  however,  with  care  on  the  part  of  the  operator,  an 
exceedingly  slight  one,  few  instances  being  known  in  which  the 
transmission  of  disease  has  been  definitely  proved.  Third — It  is 
objected  that  the  supply  of  humanized  lymph  is  unequal  to  the 
emergency  of  an  epidemic  of  smallpox. 

Against  the  use  of  calf  lymph  it  is  objected.  First — That  it  is 
unnecessarily  violent  in  its  action,  and  it  is  not  yet  certain  that  it 
is  of  higher  power  in  protecting  against  smallpox.  The  greater 
vindence  of  its  action  does  not  necessarily  imply  greater  specific 
power,  and  it  is  well  known  that  its  infecting  power  to  the  human 
subject  is  less  than  that  of  humanized  lymph,  much  greater  care 


•  Klein,  p.  171.  "Micro-parasites  in  Disease."  Preface,  p.  12.  Dr. 
Watson  Cheyne. 

f  **  Pathological  Mycology."    Woodhead  and  Hare,  p.  17. 

t  "Vaccination"  Article  by  Dr.  Collie  in  Quain*s  "Dictionary  of 
Medicine,"  p,  174.    Warlomoat.    Seatou. 
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being  necessary  to  secure  successful  \'acciiiation  with  it  This 
lessened  infective  power  may,  however,  l»e  due  simply  to  ohaii|tt« 
of  soil,  and  it  does  not  necessarily  imply  lessened  protecti\*o  )H>wt^r. 
Secondly — It  is  objected  that  calf  lymph  may  bo  the  nioann  of 
transmitting  to  the  human  subject  the  diseases  of  tho  calf,  such  lui 
tubercle ;  and  it  is  much  more  easy  to  select  a  healthy  chiKl  than 
a  healthy  calf. 

This  being  the  present  position  of  tho  question  of  vnocination, 
it  suggests  itself  at  once  to  us  that  if  we  can  cultivate  tho  nnorobcn 
of  vaccinia  in  some  suitable  soil  which  is  harmless,  and  i*etaiu  the 
infecting  and  protecting  power,  wo  meet  all  tho  objections  raisod 
to  the  use  of  calf  or  humanized  lymph.  Wo  would  havo  tho 
certainty  that  no  other  disease  was  transmitted,  and  wo  would  \h) 
able  to  produce  lymph  in  unlimited  quantity. 

More  than  ten  years  ago  I  took  up  this  lino  of  inquiry,  and 
have  been  since  then  more  or  less  continuously  cngn^<!d  in  tho 
research,  and,  so  far  as  I  am  aware,  I  was  tho  first  to  tnako  tho 
attempt,  and  for  many  years  was  the  only  worker  in  this  lino.  It 
was  suggested  to  me  (a)  by  the  prediction  of  Hir  Jo»i;j>h  IAhut — 
whose  class  of  Surgery  I  had  the  privilege?  of  ntt^mding  **  That  all 
infectious  diseases  would  )>e  found  to  bo  duo  to  living  organiMrns ;  *' 

(b)  by  the  fact  that  Pasteur  and  Koch  had  provwl  that  c^rtftin 
diseases,  which  they  had  K]xxnally  fttudif;d,  were,  thin  in  ihfti^ 
organisms,  had  cultivated  these  organisms  otit»i/h?  tin?  UAy^  and 
had  by  these  cultivations  been  able  to  repnKhu;o  th*?  diwnvi ;   nrid 

(c)  also  by  the  fact  that  I  hfif\  \*i'f:u  KjKicially  fu^A^tu]  in  ih^  sifndr 
of  vaccination. 

In  1883  the  Worshijiful  Company  of  Urfff-^-rH  //f  ]jfmtUm  ofTfrrf^) 
a  prize  of  £1,000  for  the  discovery  fA  a  **  yUrf.hfffl  }fy  whiz-h  fhft 
vaccine  contaginm  may  V^  cnltivAtfA  apart  frffW  th^r  animal  Wly, 
in  some  medium  or  media  not  o*,h^.rw'ii^.  'Aymf/f'w ;  th*t  mH.hvI  f/, 
be  such  that  trie  cor.tagiam  may  hj  m^rao^  of  if,  }>^  mulf  iph^'l  f/» 
an  iudelinite  extent  in  ftncc^r?«5{ivft  c(f^^f,rfi^Uoy^^,  »r»<)  th-tt  f.h^  pt^p 
duct  of  any  nnmh^^  ofxnch  g^.^ati/m«  ^bj*ll  f^o  far  »«t  ^t^iri  wtth'trt 
the  time  be  lesUif'i)  prr,^f:  itiv^if  of  iA^rttlr-A\  yf^/rtf-f  wi^h  «cf.»r»/|<»M 
vaccine  lymph/*  My  *^r.^mfnrA  on  'K^  «'»Kj/»/.»',  -^hi^-h  w*(fH 
begun  seven  y^rn  Wor.*  fh^  ^4f^r  ^A  ^hU  pr\/A^  hA,-/^  aH  *k*r»if 
aimed  at  similar  TPscnlrA^  nM^r  ^/'4^d^^^^rT.<  ^^rrtAftf  fA  fh<'*«iA  finth^. 
I  have,  however,  r^or  ciaim^^W  fn*^  py>'^^y  '»•<   ^  h»v'>  r^r^,  y>f*^n  aM^, 
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nor,  as  yet,  has  any  other,  to  fulfil  all  these  conditions.     Such 
results  as  I  have  obtained  I  propose  to  lay  before  you. 

I  do  not  propose  to  lay  before  you  my  experiments  in  a  chrono- 
logical order,  or  to  tabulate  them  all,  as  that  would  only  weary  you 
with  a  long  account  of  failures.  It  will  best  serve  our  purpose  to 
sketch  shortly  the  various  methods  employed,  and  to  consider 
carefully  such  positive  results  as  have  been  obtained.  In  beginning 
this  investigation  a  number  of  preliminary  points  presented  them- 
selves for  consideration.  It  was  necessary  to  obtain  the  lymph  and  to 
cultivate  it  under  such  conditions  as  would  secure  that  no  organisms 
other  than  those  of  the  lymph  should  gain  access.  To  secure  this,*  it 
was  necessary  that  all  apparatus  should  be  sterilized  by  heating  or  by 
steeping  in  some  antiseptic  solution,  such  as  solution  of  bi-chloride 
of  mercury,  that  the  soil  should  be  aseptic  or  should  be  disinfected 
by  heat,  and  that  the  lymph  should  be  collected  and  transferred 
to  the  soil  in  such  a  manner  as  to  obviate  or  reduce  to  a  minimum 
the  danger  of  contamination  with  extraneous  organisms.  Test 
tubes  and  flasks,  into  which  cultivating  soil  was  to  be  placed,  were 
plugged  with  cotton- wool  stoppers,  and  were  then  placed  in  an  iron 
box  and  heated  to  300°  F.  for  an  hour  or  so,  thoroughly  to  sterilize 
them.  The  glass  cups  and  shades  and  the  plates  used  for  making 
the  cultivations  on  potatoes  were  sterilized  by  steeping  in  a  watery 
solution  of  bi-chloride  of  mercury,  of  strength  1  to  100.  Fresh 
tissues  and  blood  were  taken  from  newly-killed  animals  under 
a  carbolic  acid  spray,  by  means  of  sterilized  instruments,  into 
sterilized  vessels,  and  immediately  closed  by  sterilized  wool  plugs 
enclosed  in  gauze,  if  a  large  surface  required  to  be  covered.  Eggs 
were  taken,  as  fresh  as  possible,  washed  in  an  antiseptic  solution, 
and  wrapped  in  cotton  wool  which  had  been  sterilized  by  steeping 
in  an  ethereal  solution  of  carbolic  acid  and  dried.  White  of  egg 
was  taken  into  a  beaker  with  glass  cover  and  glass  sole-plate,  which 
had  been  steeped  in  a  solution  of  carbolic  acid  and  heated  so  as 
to  drive  off  the  acid  and  leave  them  in  an  aseptic  condition. 
Milk,  whey,  soups,  and  animal  infusions  of  various  kinds  were 
boiled  and  received  into  sterilized  flasks  and  test  tubes,  with 
sterilized  cotton- wool  pings,  and  heated  in  steam  to  about  21 2*^  F. 
for  an  hour  on  three  successive  days.  Potatoes  were  sterilized  by 
thoroughly  washing  and  brushing  the  skin,  then  steeping  them  for 


*  The  methods  were  the  same  iu  principle,  and  frequently  also  in  detail, 
aa  thoae  described  by  Klein,  WoodheaA,  H^ai^,  Koch,  etc. 
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an  hour  in  a  soladon  or  bi-chloride  of  mercorr,  and  finallv  steam- 
ing them  for  half  an  hour  ai  212*^  F.  These  and  manv  other 
precantions  were  adopted  to  render  it  certain  that  the  apparatus 
and  the  soil  iLsed  were  themselres  &ee  from  organisms^  It  maj 
perhaps  be  doubted  if  such  precautions  were  necessary.  That  they 
were,  is,  I  think,  evident  from  a  few  considerations.  All  succes- 
ful  cultivations,  known  technically  as  pure  cultivations^*  of  other 
infecting  organisms  have  been  made  with  somewhat  similar  pre- 
cautions, and  all  who  have  made  these  invest israt ions  insist  on  the 
necessity  of  such  care.  And  while  it  is  the  case  that  the  \-accine 
virus  can  grow  and  multiply  iu  the  human  bo^ly  along  with  other 
infective  organisms,  t  and  i)erhaps  outside  the  body  may  be  able  to 
grow  mixed  with  other  organisms,  what  we  wi^h  to  obtain  is  a 
cultivation  of  the  organisms  contained  in  vaccine  lymph,  in  a  pure 
condition,  unmixed  i»-ith  any  other  organisms,  so  that  we  may  be 
certain  that  the  microbes  cultivated  are  the  actual  development 
of  those  in  the  lymph,  and  are  uninjured  by  admixture  of  any 
other  form  of  life,  i 

« 

Tiie  next  point  which  presents  itself  to  us  is  whether  the  lymph 
should  be  planted  on  a  free  surface  or  inymersed  in  a  liquid.  In 
the  ordinary  process  of  vaccination  the  lymph  is  planted  locally  on 
the  arm  of  the  child,  or  near  the  udder  of  the  calf.  In  my  earlier 
experiments  I  immersed  the  lymph  in  liquids.  So  treated,  the 
micrococci  rapidly  multiplied,  but  I  did  not  tind  that  they  retained 
their  infecting  power.  In  my  later  experiments,  having  seen  an 
account  of  Koch's  gelatine  process  of  cultivating  organisms,  I 
adopted  various  modes  of  planting  on  a  fixed  surface,  as  on  potatoes 
(Plate  XIV.,  Fig.  V.),  turnips,  and  animal  tissues,  and  on  soups  and 
other  organic  liuids  thickened  with  gelatine  or  Japanese  isinglass, 
known  as  agar  agar  (Plate  XIV.,  Figs.  VI.  and  VII. ),  which  does  not 
liquefy  at  the  highest  temperature  necessary  for  cultivation.  It  was 
found  that  on  these  the  growths,  though  active  at  fii*st,  especially 
with  the  secondary  cultivations,  gradually  became  slower  and  finally 
stopped  long  before  the  surface  of  the  soil  was  covereil.  I  concluded 
that  either  the  suitable  nutriment  in  the  neighbourhood  was  used 

*  Koch  ill  "Mioro-orgiiiiisins  and  Disease,"  p.  32  ct  seq. 

+  Vaccinia  may  develop  in  prej;ence  of  syphUis,  measles,  and  other 
diseases.  It  may  develop  even  along  with  smallpox,  if  inserted  during 
the  period  of  incubation  of  the  latter. 

t  See  Koch  on  pure  cultivations  in  **  The  investigation  of  pathogenic 
organisms,"  as  translated  in  *'  Micro-parasites  in  Disease,"  by  Cheyne. 
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up,  which,  however,  was  unlikely,  or  that  the  neighbouring  soil 
had  become  saturated  with  the  chemical  products  of  the  organisms, 
and  had  so  become  in  a  measure  protected  or  insusceptible  as 
regards  further  growth  of  these  organisms.*  I  adopted  various 
plans  of  planting  the  lymph  on  a  fixed  surface  to  which  nutrient 
fluid  was  freely  supplied.  I  suspended  into  the  liquid,  in  test 
tube  and  flasks  (Plate  XIV.,  Fig.  III.),  pieces  of  linen  and  flannel 
held  in  position  by  platinum  wires  which  passed  through  the 
cotton-wool  plug.  The  lymph  was  planted  on  the  cloth  above  the 
liquid,  the  lower  end  of  the  cloth  by  capillary  attraction  drawing  up 
the  nuti-iment  and  carrying  away  the  chemical  products.  I  also 
adopted  the  method,  which  I  fouiid  more  satisfactory,  of  placing  a 
piece  of  marble  in  the  liquid  in  the  flask  (Plate  XIV.,  Fig.  IV.),  the 
marble  being  large  enough  to  reach  above  the  surface  of  the  liquid. 
The  lymph  was  planted  on  the  marble,  and  nutriment  was  supplied 
and  the  chemical  products  were  removed  by  the  capillary  movements 
of  the  liquid  on  the  marble.  This  plan  had  the  additional  advantage 
that  it  neutralized  any  acid  which  might  be  formed  in  the  prepara- 
tion of  the  nutrient  fluid  or  in  the  growth  of  the  organisms.  As 
to  the  kind  of  soil  to  be  employed,  it  seems  desirable  to  approximate 
as  closely  as  possible  to  the  nature  of  the  tissues  of  the  calf  on 
which  we  know  that  vaccine  thrives.  Portions  of  the  heart,  liver, 
brain,  and  other  organs  of  the  calf,  were  tried.  Calf  blood  and 
serum  also  were  employed.  The  eyes  of  calves  were  also  used,  the 
lymph  being  inserted  into  the  aqueous  and  vitreous  humors,  the 
eye  being  maintained  in  an  antiseptic  condition.  Also,  the  vitreous 
and  aqueous  humors  were  taken  into  sterilized  watch  glasses  and 
lymph  planted  on  them.  Infusions  of  veal  alone,  or  with  peptone 
and  agar-agar,  were  used,  prepared  in  various  ways.  Milk  and 
whey  also  were  tried.  Besides  these  preparations  from  the  calf, 
other  organic  substances  were  employed,  such  as  infusions  of 
various  vegetables,  and  solutions  of  organic  salts  on  which  other 
organisms  were  known  to  thrive.     Eggs  also  were  used  in  various 

*  "111  artiflcial  media  it  is  a  frequent  experience  to  tind  organisms 
destroyed  by  the  virulence  of  their  own  products,  before  all  the  food 
material  adapted  to  their  existence  has  been  exhausted."  .  .  .  "Patho- 
logical Mycology."  Sectiou  1 ;  Methods,  p.  17.  .  .  .  **  The  products  of 
the  decomposition  started  and  maintained  by  septic  organisms 
have  a  most  detrimental  influence  on  themselves,  inhibiting  their  power 
of  multiplication;  in  fact,  after  a  certain  amount  of  these  products  has 
accumulated,  the  organisms  become  arrested  in  their  growth,  and  finally 
may  be  altogether  killed."    ^^MlcTo-oTg^ttinsm&^TidDifiease,*'  Klein,  p.  171. 
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ways.  Newly-laid  eggs  were  cleansed  aiitisoptically — a*  rogardn 
the  shell, — a  small  piece  of  the  shell  was  broken,  a  capillary  tubo 
containing  lymph  was  inserted  into  the  albumen,  and  tho  lyuiph 
planted  by  heating  the  tube,  the  outer  end  of  tho  tul>o  Innng  noalcd 
and  the  lymph  being  forced  into  the  egg  by  tho  expansion  of  thn 
air  in  the  tube.  The  albumen  was  also  taken  into  watch  ghisHon 
and  was  sometimes  mixed  with  other  substances. 

Of  all  these  soils  the  best  were  found  to  bo  for  primary  culttm% 
potatoes,  or  veal  soup  with  peptone  thickened  with  agnr ;  and  for 
secondary  cultivations,  veal  soup  with  cloth  or  marbh«.  It  wan 
also  found  that  the  soil  should  be  neutral  or  slightly  alkali  no. 

The  next  point  which  falls  to  be  considered  was  an  to  thn 
temperature  at  which  the  cultivations  should  Ik^  niadf.  In  my 
earlier  experiments  the  cultivations  were  niad(j  at  tin;  ordinary 
atmospheric  temperature  in  summer,  and  in  a  room  maintained  at 
a  moderately  uniform  temperature  by  mc^ans  of  an  ordinary  coal 
fire  in  winter.  The  growths  were  slow  and  somowliat  uncertain. 
For  the  last  three  or  four  years  I  have  used  cultivatirig  chftm>**'T«, 
in  which  the  s])ecimens  could  be  maintained  for  long  jieriwlft  at 
suitable  uniform  temperatures.  Of  these  chamU;r»  I  ii.mj/1  two. 
They  were  made  of  galvanised  iron.  They  had  double  walls 
(Plate  XIV.,  Fig.  I.,  n  and  h),  between  which  watftr  was  c^;ntaine/i, 
and  one  had  in  front  a  sliding  window  (c),  comjiosed  of  two  sheets 
of  glass  with  air  between  them  ;  the  other  was  ckiserl  on  the  top 
by  a  lid  of  metal,  and  was  dark.  They  were  heaterl  by  a  iJunsen 
flame  (<f),  the  gas  supplying  which  passed  through  a  }lei<^hardt*s  gas 
regulator  («),  which  dipped  intr>  the  water,  and  which  secured  a 
uniform  temperature.  Tney  were  linfd  with  1f\t.  A  minimum 
and  maximum  registering  therm<'imeter  was  kept  inside  f-a^h.  Fn 
the  one  with  glass  front  I  had  ;*n  arranajem^T.t  VtT  j'»a?wir»c(  jrase-i 
through  the  chamVjer  or  throncjh  individnnl  flask -«,  whi<"b  ronsisfed 
of  metal  tabes  ij')  parsing  thronc(h  the  w.^i;>  r.n  f«<^h  sid^.  Th<* 
temperatures  which  hav»»  'n^^pn  tnocl  in  th^H/;  r-i,rtm*r)*»rs  hav^  variH 
from  70'  F.  to  100'  F.  Tpmv»pr.itnrps  from  70"  F.  fA  «0"  F.  sre 
TCfT  »tiafiakctory  for  primary  cu  in!  vat  ions,  And  from  ^(t"  F  fo 
98'  F.  for  secondary.  r'nltlvrations  hav-*  r>^fr\  inftintflinH  for 
weeks  and  sometimes  montlis  at  nniform  f^m]->oratiir'^s,  v^ryinaj 
only  one  or  two  degrp'*^?.  The  growths  i\t  th^^Me  t/»mp^r;«fnr^s 
iliowed  themaelv**s  .^ppMiiy,  ;^nd  :idvan<vd  r.M»idly.  Ti)'*y  w^f* 
TMtHua&atzfiT  and  le-^s  <*o!our»vl  rhsn  tho«p  'jpro-vn  ;»t.  lowrr  f^inp/tm 
taR%  aod  aa  a  ruU  a  larg[er  number  of  initiHl  »o{yr>tA  wf<vw»^  (twwv  VV\^ 
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planting.  The  influence  of  air  was  also  tested.  This  was  done  in 
various  ways.  Fimt,  test  tubes  and  flasks  containing  various  soils 
were  inoculated  with  lymph  and  were  hermetically  sealed  by 
drawing  out  and  closing  the  neck  in  a  Bunsen  flame.  Second^ 
by  planting  the  lymph  into  the  deeper  portions  of  the  gelatine 
solution  by  means  of  a  long  capillary  tube ;  or  by  planting  on 
the  surface  of  the  gelatine,  and  then  pouring  over  this  surface 
some  of  the  same  gelatine  soup  cooled  to  near  its  solidifying  point. 
Third,  the  lymph  w^as  planted  in  soup,  and  a  layer  of  stearine 
or  other  oil  or  oily  acid  was  poured  on  the  surface  so  as  to 
exclude  air.  Fourth,  by  means  of  double  tubes  passing  into  soup 
in  the  flasks,  air  was  made  to  bubble  through  the  liquid  by  means 
of  an  aspimtor.  It  was  found  that  in  the  absence  of  air,  or  with 
the  limited  quantity  contained  in  the  hermetically  sealed  vessels, 
little  or  no  growth  took  place,  that  is  to  say,  they  require  air  for 
active  growth ;  they  are  aerobic.  An  excess  of  air  did  not  appear 
materially  to  assist  the  development  To  test  the  efiects  of  diflferent 
gases  on  these  organLsms  two  plans  were  employed.  First,  flasks 
or  test  tubes  (as  were  found  for  this  purpose  most  convenient) 
were  duly  inoculated  and  plugged,  and  were  then  placed  in  a 
wire  cage  under  the  bell-jar  of  an  air-pump  (Fig.  VITI.)  Air  was 
exhausted,  the  gas  to  be  experimented  with  was  then  admitted, 
and  the  cultivations  continued  in  the  presence  of  these  gases. 
Second,  another  plan  adopted  to  test  the  efiects  of  gases  was  as 
follows : — Flasks  were  employed  which  had  two  pieces  of  tubing 
(Fig.  II.)  themselves  i)lugged  with  cotton  wool  passing  through  the 
cotton-wool  plug  of  the  flasks,  one  tube  reaching  to  near  the  surface 
of  the  soil,  and  the  other  passing  only  a  little  way  into  the  flask. 
The  flask  stands  in  the  incubating  chamber,  the  gas  apparatus 
being  attached  by  india-rubber  tubing  to  one  of  the  small  pipes  on 
the  side  of  the  chamV)er.  This  pipe  is  attached  to  the  long  dipping 
tube  in  tlie  flask.  The  other  tube  of  the  flask  is  similarly  con- 
nected with  another  small  side  pipe.  The  gas  thus  passes  through 
the  flask,  coming  into  close  contact  with  the  growth,  and  passes 
throufirh  the  other  tube  out  of  the  chamber.  In  this  wav  we  avoid 
influencing  by  the  gas  the  other  cultivations  going  on  alongside 
for  comparison.  Round  the  cotton-wool  plug  of  the  flask  we  may 
place  melted  parafiin,  so  as  more  efiectively  to  enclose  the  gas. 
In  this  way  we  may  connect  a  number  of  flasks,  and  pass  the  gas 
through  the  series.  Various  gases  were  employed  in  these  ways  to 
tent  their  influence  on  the  microbes.     Although  I  have  performed 
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many  experiments  on  this  subject,  I  do  not  consider  them  con- 
cluded, but  so  far  as  they  go  it  may  be  said  that  under  nitrogen 
there  is  practically  no  growth ;  that  under  oxygen  they  grow,  but 
not  with  any  luxuriance;  and  that  under  carbonic  acid  their 
growth  is  active,  but  not  more  so  than  with  ordinary  atmospheric 
air.  The  effects  of  light  and  darkness  were  also  tested  by  using 
the  two  incubators  already  described — one  admitting  light  by  the 
glass  front,  and  the  other  entirely  dark.  The  microbes  gi-ew  as 
weU  in  the  dark  as  in  the  light 

The  next  point  to  consider  was — What  lymph  should  be  used 
as  seed?  I  have  tried  calf  lymph,  vaccine  scabs,  and  fresh 
humanized  lymph,  but  I  give  the  preference  to  the  humanized, 
because  the  calf  lymph  was  difficult  and  it  was  practically  impossible 
to  obtain  the  scabs  free  from  extraneous  organisms.  The  method 
of  collecting  the  lymph  and  planting  it  is  very  important,  as  on 
this  depends  largely  the  success  in  obtaining  pure  cultivations. 
Newly-drawn  capillary  tubes,  about  15  inches  in  length,  are 
hermetically  sealed  in  the  flame  at  both  ends,  and  ai-e  then 
placed  in  the  sterilizing  box  and  heated  to  300°  F.  for  an 
hour.  A  healthy  child,  on  whose  arm  vaccine  vesicles  of 
the  eighth  day  are  well  developed,  is  selected.  The  vesicles 
and  the  skin  adjoining  are  well  sponged  with  lint  soaked 
in  a  solution  of  bi-chloride  of  mercury,  1  in  100.  This  thoroughly 
cleanses  the  skin  and  destroys  any  organisms  which  may  exis 
on  the  surface.  The  vesicles  are  now  thoroughly  sponged  with 
absolute  alcohol,  so  as  to  remove  the  mercury,  which  of  course 
would  destroy  any  lymph  with  which  it  came  into  contact. 
The  absolute  alcohol  speedily  evaporates,  leaving  the  surface  of 
the  vesicles  clean  and  aseptic.  The  vesicles  are  punctured  with 
a  clean  needle,  which  has  just  been  sterilized  by  heating  to  redness 
in  a  flame  and  cooled  by  toucliing  with  absolute  alcohol.  The 
lymph  immediately  begins  to  exude.  The  two  ends  of  one  of  the 
sterilized  capillary  tubes  are  broken  ofl"  under  sterilized  cotton 
wool,  which  is  kept  wrapped  round  one  end ;  the  other  end  of  the 
tube  is  dipped  into  the  beads  of  the  lymph  on  the  arm,  which  of 
course  pass  into  the  tube  by  cixpillary  attraction.  About  one 
minim  is  sufficient  for  each  tube.  The  tube  is  now  removed  from 
the  arm,  the  air  in  it  is  expanded  by  passing  it  through  the  flame. 
A  piece  of  sterilized  cotton  is  placed  over  the  end  containing  the 
lymph,  and  the  opposite  end  of  the  tube  is  closed  by  melting  the 
glass  in  the  flame.     On  the  contained  air  cooling,  the  lymph  passes 
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as  cloeelj  as  poflsible,  a  mass  of  brightly-glowing  coal  or  coke. 
This  brick  reached  all  the  way  across  the  gas-fire,  and  it  was 
generally  seven  or  eight  inches  high,  and  about  three-and-a-half 
inches  in  thickness.  It  consisted  essentially  of  two  portions. 
The  posterior  half  had  a  plain,  solid  surface,  where  it  was  set 
against  the  anterior  portion  of  the  air-heating  space,  and  the  front 
portion  of  the  brick  was  formed  of  the  irregular  fretwork  previously 
referred  to,  its  individual  parts  being  separately  moulded  by  hand 
out  of  soft,  plastic  clay.  Along  the  bottom  edge  of  the  "  burner 
brick  "  there  was  a  series  of  openings,  each  of  which  was  opposite 
to  one  of  the  Bunsen  burner  tubes.  These  openings  were  shown  to 
communicate  with  numerous  irregular  passages,  so  that  the  upward 
progress  of  the  current  of  hot  gases  might  be  as  much  baffled  or 
interrupted  as  possible.  When  the  "  burner  brick  "  was  properly 
fashioned,  and  the  gas-fire  was  going  well,  the  lower  portion  of  the 
brick  should  become  incandescent,  even  to  whiteness,  while  the 
upper  portion  was  of  a  more  or  less  bright  red;  and  such  a  fire 
was  one  of  the  very  best  ^'  make-believes  **  that  had  yet  been 
brought  under  public  notice. 


Note. — The  gas-fire  described  was  designed  for  ooDsuming  about  36  cubic 
feet  of  gas  per  hour.  Through  the  kindness  of  Messrs.  R.  &  A.  Main,  a 
typical  example  of  this  invention  was  fitted  up  on  the  lecture  table  and 
shown  in  practical  operation  during  the  evening.  Much  interest  in  it  was 
displayed  by  the  members  present. — J.  M. 
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XXXIII. — An  Experimental  Research  on  the  Artificial  Cultiva- 
tion of  Vaccine  Lymph,  ivith  observations  on  the  nature  of 
Vaccine  and  the  Immunity  produced  by  Vaccinia.  By  Neil 
Oarmichael,  M.D. 


[Read  before  the  Society,  19th  January,  1887.] 


Normal  vaccine  lymph  is  a  colourless  transparent  liquid,  in 
chemical  composition  resembling  the  plasma  of  blood,  and  contain- 
ing solid  particles  of  various  kinds.  It  is  rich  in  albuminous 
substances,  and  contains  salts,  mainly  phosphates  of  alkalies  and 
alkaline  earths,  which  give  to  it  a  slightly  alkaline  reaction. 
Under  the  microscope  the  particles  held  in  suspension  are  found 
to  be  leucocytes  (white  blood  corpuscles,  or  pus  cells),  epithelial 
cells  from  the  skin,  large  miiltinuclear  cells,  numerous  irregular 
particles,  probably  the  debris  of  cells,  and  micrococci.  These 
micrococci*  may  be  found  free  or  variously  grouped,  not  infre- 
quently forming  chains,  but  as  a  rule  massed,  without  any 
evident  system  of  grouping.  They  are  minute  colourless 
motionless  transparent  spherules,  in  diameter  about  the  twenty- 
thousandth  of  an  inch,  and  are  probably  vegetable  and  parasiticf 
in  their  nature.  They  multiply  by  fission,  and  when  planted  in 
a  suitable  soil,  as  in  the  skin  of  a  child  or  a  calf,  they  multiply 
with  great  rapidity.  These  micrococci  are  invariably  present  in 
vaccine  lymph,  humanized  or  calf,  and  no  other  organisms  are 
found.  It  is  now  pretty  generally  conceded  that  these  micrococci 
are  the  specific  agents  in  vaccine  lymph  which  produce  vaccinia. 
Experiments  by  Chauveau,f  Burdon  Sanderson,§  and  othera, 
have  demonstrated  that  the  liquid  portion  of  the  vaccine  lymph,  that 
is  to  say,  the  vaccine  lymph  freed  by  filtration  or  deposit  from  its 
contained  particles,  does  not  produce  vaccinia,  and  that  the 
particles,  on  the  other  hand,  are  capable  of  producing  the  disease. 
But  which  amongst  the  particles   produces  the  disease?      We 

*  **  Micro-organisms  and  Disease,"  Klein,  p.  47.     *'  Le  Bact^ries,"  Cornil 
and  Babes,  p.  535. 
+  Braidwood  and  Vacher. 

X  Comp.  Rend.  Acad.  d.  Sc,  Paris,  t.  Ixvi.     1868. 
§  Report  on  "  Intimate  Pathology  of  Contagion." 
Vol.  XVIII.  2  a 
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cannot  attribute  the  active  agency  to  the  leucocytes,  because 
these  are  inflammatory  products,  and  are  fewest  in  the  most 
active  lymph ;  nor  to  the  epithelial  cells  or  the  granular  debris, 
because  these  are  really  necrosed  particles,  the  products  of  the 
inflammatory  and  specific  action  within  the  vesicles,  and,  like  the 
leucocytes,  are  least  to  be  found  in  the  purest  and  most  active 
lymph.  Nor  can  we  attribute  it  to  the  large  multinuclear  cells 
which  are  few  in  number,  which  are  evidently  tissue  cells  pro- 
liferating, and  which  are  few  in  active  lymph ;  nor  to  blood  cells 
or  other  adventitious  pai*ticles.  There  remain,  then,  only  the 
micrococci  to  which  we  can  ascribe  the  active  agency  in  the 
production  of  vaccinia.  That  this  is  so  is  supported  by  the 
following  considerations  : — First — They  are  invariably  present  in 
vaccine  lymph ;  they  are  uniform  in  size  and  other  characters ; 
they  are  abundant  in  the  purest  and  most  active  lymph.  Second 
— They  are  the  only  living  organisms  found  in  vaccine  lymph. 
Third — They  multiply  enormously  when  the  lymph  is  planted  on 
the  calf  or  human  subject,  in  the  vaccinated  tissues,  and  subse- 
quently in  the  vesicles  ;  and  this  active  proliferation  is  coincident 
with  the  active  development  of  vaccinia.*  Fourth — They  resemble 
organisms  which  are  found  in  some  other  infectious  diseases,  such 
as  erysipelas  and  pneumonia,  which  have  been  proved  to  be  the 
specific  factor  in  the  production  of  these  disorders.  And  so  we 
are,  I  believe,  justified  in  assuming  that  these  micrococci  are  the 
active  agents  in  the  vaccine  lymph  which  produce  vaccinia.  It 
is  interesting  to  note  that  smallpox  virus  contains  microbes 
almost,  if  not  indeed  absolutely  identical,  in  appearance  with 
those  of  vaccine  lymph. t 

When  vaccine  lymph  is  inserted  into  the  skin  of  an  infant, 
besides  reproducing  itself  in  increased  quantity,  it  produces  the 
specific  disease  vaccinia.  This  specific  disease  in  some  way 
modifies  the  condition  of  the  subject  for  years,  so  that  lymph 
subsequently  planted  in  the  skin  will  not  develop  and  vaccinia 
cannot  be  produced.  Besides  this  it  is  found  that  the  vaccinated 
subject  is  much  less  susceptible  to,  or  is  entirely  protected 
against,  smallpox,  so  that  the  micrococci  of  vaccine  lymph  and 
smallpox  are  now  incapable  of  developing  on  this  soil  In  what 
manner  the  development  of  vaccinia  and  the  multiplication  of  the 

*  Braidwood  aud  V'acher. 

t  Cornil  and  Babes.     Warlomont's  **  Manual  of  Animal  Vaccination," 
psLge  3.     Klein,  *'  Micro-orgam&ma  aixd  DUeaae/'  p.  47. 
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microbes  produce   the    protection   or  insusceptibility  just    con- 
sidered   is    still    unsettled.       Various    hypotheses*   have    been 
suggested.     The  first  theory  is  that  of  exhaustion.     It  is  assumed 
that  the  microbes  entirely  use  up  or  destroy  some  material  in 
the  system  which  is  necessary,  that  is  to  say,  which  constitutes 
the  food  or  a  necessary  portion  of  the  food  of  these  organisms. 
Against  this  it  may  be  stated  : — First — That  we  do  not  know  any 
such  material ;  Second — That  any  normal  constituent  of  the  body, 
if  removed,  would  in  all  probability  be  speedily  renewed;   and 
Third — That  such  microbes  of  disease  as  are  familiarly  known  to 
cause  insusceptibility  to  their  own  further  growth  in  the  protected 
subject,  can  be  grown  in  infusions  of  the  tissues  of  the  protected 
subject,   and   in   comparatively   simple   infusions.      The   second 
hypothesis  is  the  so-called  vital  theory.     This  supposes  that,  on 
the  microbes  beginning  to  multiply  in  the  system,  a  struggle  for 
supremacy  takes  place  between  the  tissue  cells  and  the  microbes, 
which,  when  the  tissue  cells  are  victorious,  results  in  the  cessation 
of  the  disease  and  an  increase  of  vital  energy,  such  as  renders  the 
tissues  insusceptible  to  the  further  action  of  these  microbes.     This 
is  poetical,  but  it  has  not  much  beyond  this  quality  to  recommend 
it.     It  is  curious,  besides,  that  the  increased  vital  energy  should 
not  also  enable  the  system  to  resist  the  attack  of  other  infectious 
microbes.      The  third  hypothesis  is  the  antidotal  theory.     It  is 
assumed  that  in  the  process  of  growth  the  microbes  give  to  the 
system    chemical    products   which   are    destructive,   or   at  least 
inhibitive,  to  the  organisms  producing   them.      When   yeast  is 
planted  in  grape  juice  it  multiplies,  forming  alcohol  and  carbonic 
acid,  until  the  proportion  of  alcohol  reaches  14  or  15  per  cent. 
After  this  point  no  further  growth  of  yeast  cells  takes  place, 
because  alcohol  in  this  proportion  is  inhibitive  to  the  growth  of 
yeast,  as  it  is  in  large  proportion  entirely  destructive  to  these 
organisms.     If  the  alcohol  is  driven  off  by  heat,  the  liquid  will 
again  sustain  the  yeast  plant,  showing  that  the  previous  cessation 
of  growth  was  due,  not  to  something  necessary  for  food  having 
been  removed  from  the  liquid,  but  to  something  destructive  having 
been  added  by  the  growing  yeast.     But  this  liquid,  though  it 
prevents  the  growth  of  yeast,  is  still  capable  of  growing  other 
very  similar  organisms,  such  as  mycoderma  aceti,  which  causes 
the  acetic  fermentation.     The  acetic  acid  formed  by  the  growth 

*  "  Manual  of  Animal  Vaccination."     Warlomont,  ^.  \1,    ^^«vxi.^^.\^. 
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of  mycoderma  aceti  acts  towards  this  organism  as  docs  the  alcohol 
toward  yeast,  arresting  further  growth,  and,  if  in  large  proportion, 
destroying  the  organism  which  produced  it.  The  same  holds 
good  with  the  lactic  ferment,  the  butyric  ferment,  and  others. 
The  same  also  holds  true  of  the  cells  of  the  higher  organisms, 
including  man.  The  secretion  of  the  gastric  cells,  when  in 
contact  with  these  cells,  restrains  their  further  secretion.*  It  may 
indeed  be  looked  upon  as  a  general  law  of  biology,  that  the 
chemical  products  of  living  organisms,  when  retained  in  contact 
with  these  organisms,  check  or  arrest  their  functions  or  perhaps 
even  destroy  the  organisms.!  If  then  the  chemical  products  of  the 
growth  of  the  vaccine  micrococci  pass  into  the  circulation  of  the 
body  and  into  the  tissues,  it  is  not  hard  to  suppose  that  when  a 
certain  degree  of  saturation  is  produced  the  tissues  will  no  longer 
support  the  life  of  the  microbes,  and  so  long  as  these  products 
remain  in  the  tissues  the  subject  will  be  proof  against  the  further 
development  of  vaccinia. 

In  vaccinating  we  have  the  choice  of  two  kinds  of  lymph,  calf 
and  humanized,  j  It  is  objected  to  the  use  of  humanized  lymph. 
First — That  it  is  inferior  in  potency  and  in  protective  power  to 
calf  lymph,  and  to  the  humanized  lymph  as  first  used  by  Jenner. 
It  is  supposed  by  cultivation  in  the  human  subject  to  have  become 
so  modified  that  it  is  less  violent  in  action  and  produces  a  less 
degree  of  protection.  Second — It  is  objected  that  there  is  great 
risk  of  transmission  of  disease  from  child  to  child  with  the  lymph. 
This  danger  is,  however,  with  care  on  the  part  of  the  operator,  an 
exceedingly  slight  one,  few  instances  being  known  in  which  the 
transmission  of  disease  has  been  definitely  proved.  Third — It  is 
objected  that  the  supply  of  humanized  lymph  is  unequal  to  the 
emergency  of  an  epidemic  of  smallpox. 

Against  the  use  of  calf  lymph  it  is  objected,  First — That  it  is 
unnecessarily  violent  in  its  action,  and  it  is  not  yet  certain  that  it 
is  of  higher  power  in  protecting  against  smallpox.  The  greater 
viiodence  of  its  action  does  not  necessarily  imply  greater  specific 
power,  and  it  is  well  known  that  its  infecting  power  to  the  human 
subject  is  less  than  that  of  humanized  lymph,  much  greater  care 


♦  f 


Klein,  p.  171.  ''Micro-parasitea  in  Disease."  Preface,  p.  12.  Dr. 
Watson  Cheyne. 

+  **  Pathological  Mycology."    Woodhead  and  Hare,  p.  17. 

t  "Vaccination"  Article  by  Dr.  Collie  in  Quain's  "Dictionary  of 
Medicine, "p.  174.    Warlomout.    Seatou. 
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being  necessary  to  secure  successful  vaccination  with  it.  This 
lessened  infective  power  may,  however,  be  due  simply  to  change 
of  soil,  and  it  does  not  necessarily  imply  lessened  protective  power. 
Secondly — It  is  objected  that  calf  lymph  may  be  the  means  of 
transmitting  to  the  human  subject  the  diseases  of  the  calf,  such  as 
tubercle ;  and  it  is  much  more  easy  to  select  a  healthy  child  than 
a  healthy  calf. 

This  being  the  present  position  of  the  question  of  vaccination, 
it  suggests  itself  at  once  to  us  that  if  we  can  cultivate  the  microbes 
of  vaccinia  in  some  suitable  soil  which  is  harmless,  and  retain  the 
infecting  and  protecting  power,  we  meet  all  the  objections  raised 
to  the  use  of  calf  or  humanized  lymph.  We  would  have  the 
certainty  that  no  other  disease  was  transmitted,  and  we  would  be 
able  to  produce  lymph  in  unlimited  quantity. 

More  than  ten  years  ago  I  took  up  this  line  of  inquiry,  and 
have  been  since  then  more  or  less  continuously  engaged  in  the 
research,  and,  so  far  as  I  am  aware,  I  was  the  first  to  make  the 
attempt,  and  for  many  years  was  the  only  worker  in  this  line.  It 
was  suggested  to  me  (a)  by  the  prediction  of  Sir  Joseph  Lister — 
whose  class  of  Surgery  I  had  the  privilege  of  attending — "That  all 
infectious  diseases  would  be  found  to  be  due  to  living  organisms;'' 

(b)  by  the  fact  that  Pasteur  and  Koch  had  proved  that  certain 
diseases,  whicli  they  had  specially  studied,  were  due  to  these 
organisms,  had  cultivated  these  organisms  outside  the  body,  and 
had  by  these  cultivations  been  able  to  reproduce  the  disease ;   and 

(c)  also  by  the  fact  that  I  had  been  specially  engaged  in  the  study 
of  vaccination. 

In  1883  the  Worshipful  Company  of  Grocers  of  London  offered 
a  prize  of  £1,000  for  the  discovery  of  a  "  Method  by  which  the 
vaccine  contagium  may  be  cultivated  apart  from  the  animal  body, 
in  some  medium  or  media  not  otherwise  zymotic;  the  method  to 
be  such  that  the  contagium  may  by  means  of  it  be  multiplied  to 
an  indefinite  extent  in  successive  generations,  and  that  the  pro- 
duct of  any  number  of  such  generations  shall  (so  far  as  can  within 
the  time  be  tested)  prove  itself  of  identical  potency  with  standard 
vaccine  lymph."*  My  experiments  on  the  subject,  which  were 
begun  seven  yeai-s  before  the  offer  of  this  prize,  have  all  along 
aimed  at  similar  results,  under  conditions  similar  to  those  named. 
I  have,  however,  not  claimed  the  prize,  as  I  have  not  been  able. 


Grocers'  Company  advevtiaemeiit. 
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nor,  as  yet,  has  any  other,  to  fulfil  all  these  conditions.     Such 
results  as  I  have  obtained  I  propose  to  lay  before  you. 

I  do  not  propose  to  lay  before  you  my  experiments  in  a  chrono- 
logical order,  or  to  tabulate  them  all,  as  that  would  only  weary  you 
with  a  long  account  of  failures.  It  will  best  serve  our  purpose  to 
sketch  shortly  the  various  methods  employed,  and  to  consider 
carefully  such  positive  results  as  have  been  obtained.  In  beginning 
this  investigation  a  number  of  preliminary  points  presented  them- 
selves for  consideration.  It  was  necessaiy  to  obtain  the  lymph  and  to 
cultivate  it  under  such  conditions  as  would  secure  that  no  organisms 
other  than  those  of  the  lymph  should  gain  access.  To  secure  this,*  it 
was  necessary  that  all  apparatus  should  be  sterilized  by  heating  or  by 
steeping  in  some  antiseptic  solution,  such  as  solution  of  bi-chloride 
of  mercury,  that  the  soil  should  be  aseptic  or  should  be  disinfected 
by  heat,  and  that  the  lymph  should  be  collected  and  transferred 
to  the  soil  in  such  a  manner  as  to  obviate  or  reduce  to  a  minimum 
the  danger  of  contamination  with  extraneous  organisms.  Test 
tubes  and  flasks,  into  which  cultivating  soil  was  to  be  placed,  were 
plugged  with  cotton- wool  stoppers,  and  were  then  placed  in  an  iron 
box  and  heated  to  300°  F.  for  an  hour  or  so,  thoroughly  to  sterilize 
them.  The  glass  cups  and  shades  and  the  plates  used  for  making 
the  cultivations  on  potatoes  were  sterilized  by  steeping  in  a  watery 
solution  of  bi-chloride  of  mercury,  of  strength  1  to  100.  Fresh 
tissues  and  blood  were  taken  from  newly-killed  animals  under 
a  carbolic  acid  spray,  by  means  of  sterilized  instruments,  into 
sterilized  vessels,  and  immediately  closed  by  sterilized  wool  plugs 
enclosed  in  gauze,  if  a  large  surface  required  to  be  covered.  Eggs 
were  taken,  as  fresh  as  possible,  washed  in  an  antiseptic  solution, 
and  wrapped  in  cotton  wool  which  had  been  sterilized  by  steeping 
in  an  ethereal  solution  of  carbolic  acid  and  dried.  White  of  ^^ 
was  taken  into  a  beaker  with  glass  cover  and  glass  sole-plate,  which 
had  been  steeped  in  a  solution  of  carbolic  acid  and  heated  so  as 
to  drive  off  the  acid  and  leave  them  in  an  aseptic  condition. 
Milk,  whey,  soups,  and  animal  infusions  of  various  kinds  were 
boiled  and  received  into  sterilized  flasks  and  test  tubes,  with 
sterilized  cotton-wool  plugs,  and  heated  in  steam  to  about  21 2 ^^  F. 
for  an  hour  on  three  successive  days.  Potatoes  were  sterilized  by 
thoroughly  washing  and  brushing  the  skin,  then  steeping  them  for 


*  The  methods  were  the  »aine  in  priDciplc,  and  frequently  also  in  detail, 
aa  those  described  by  Klein,  WoodheaOL,  Kw^,  Koch,  etc. 
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an  hour  in  a  solution  of  bi-chloride  of  mercury,  and  finally  steam- 
ing them  for  half  an  hour  at  212*^  F.  These  and  many  other 
precautions  were  adopted  to  render  it  certain  that  the  apparatus 
and  the  soil  used  were  themselves  free  from  organisms.  It  may 
perhaps  be  doubted  if  such  precautions  were  necessary.  That  they 
were,  is,  I  think,  evident  from  a  few  considerations.  All  succes- 
ful  cultivations,  known  technically  as  pure  cultivations,*  of  other 
infecting  organisms  have  been  made  with  somewhat  similar  pre- 
cautions, and  all  who  have  made  these  investigations  insist  on  the 
necessity  of  such  care.  And  while  it  is  the  case  that  the  vaccine 
virus  can  grow  and  multiply  in  the  human  body  along  with  other 
infective  organisms,!  and  })erha^s  outside  the  body  may  be  able  to 
grow  mixed  with  other  organisms,  what  we  wish  to  obtain  is  a 
cultivation  of  the  organisms  contained  in  vaccine  lymph,  in  a  pure 
condition,  unmixed  with  any  other  organisms,  so  that  we  may  be 
certain  that  the  microbes  cultivated  are  the  actual  development 
of  those  in  the  lymph,  and  are  uninjured  by  admixture  of  any 
other  form  of  life.  J 

Tlie  next  point  which  presents  itself  to  us  is  whether  the  lymph 
should  be  planted  on  a  free  surface  or  inynersed  in  a  liquid.  In 
the  ordinary  process  of  vaccination  the  lymph  is  planted  locally  on 
the  arm  of  the  child,  or  near  the  udder  of  the  calf.  In  my  earlier 
experiments  I  immersed  the  lymph  in  liquids.  So  treated,  the 
micrococci  rapidly  multiplied,  but  I  did  not  find  that  they  retained 
their  infecting  power.  In  my  later  experiments,  having  seen  an 
account  of  Koch's  gelatine  process  of  cultivating  organisms,  I 
adopted  various  modes  of  planting  on  a  fixed  surface,  as  on  potatoes 
(Plate  XIV.,  Fig.  v.),  turnips,  and  animal  tissues,  and  on  soups  and 
other  organic  fluids  thickened  with  gelatine  or  Japanese  isinglass, 
known  as  agar-agar  (Plate  XIV.,  Figs.  VI.  and  VII. ),  which  does  not 
liquefy  at  the  highest  temperature  necessary  for  cultivation.  It  was 
found  that  on  these  the  growths,  though  active  at  first,  especially 
with  the  secondary  cultivations,  gradually  became  slower  and  finally 
stopped  long  before  the  surface  of  the  soil  was  covered.  I  concluded 
that  either  the  suitable  nutriment  in  the  neighbourhood  was  used 


*  Koch  ill  "Micro-organisms  and  Disease,"  p.  32  et  seq. 

t  Vaccinia  may  develop  in  presence  of  syphilis,  measles,  and  other 
diseases.  It  may  develop  even  along  with  smallpox,  if  inserted  during 
the  period  of  incubation  of  the  latter. 

J  See  Koch  on  pure  cultivations  in  **  The  investigation  of  pathogenic 
organisms,"  as  translated  in  **  Micro-parasites  in  Disease,"  by  Cheyoe. 
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up,  which,  however,  was  unlikely,  or  that  the  neighbouring  soil 
had  become  saturated  with  the  chemical  products  of  the  organisms, 
and  had  so  become  in  a  measure  protected  or  insusceptible  as 
regards  further  growth  of  these  organisms.*  I  adopted  various 
plans  of  planting  the  lymph  on  a  fixed  surface  to  which  nutrient 
fluid  was  freely  supplied.  I  suspended  into  the  liquid,  in  test 
tube  and  flasks  (Plate  XIV.,  Fig.  III.),  pieces  of  linen  and  flannel 
held  in  position  by  platinum  wires  which  passed  through  the 
cotton- wool  plug.  The  lymph  was  planted  on  the  cloth  above  the 
liquid,  the  lower  end  of  the  cloth  by  capillary  attraction  drawing  up 
the  nutriment  and  carrying  away  the  chemical  products.  I  also 
adopted  the  method,  which  I  found  more  satisfactory,  of  placing  a 
piece  of  marble  in  the  liquid  in  the  flask  (Plate  XIV.,  Fig.  IV.),  the 
marble  being  large  enough  to  reach  above  the  surface  of  the  liquid 
The  lymph  was  planted  on  the  marble,  and  nutriment  was  supplied 
and  the  chemical  products  were  removed  by  the  capillary  movements 
of  the  liquid  on  the  marble.  This  plan  had  the  additional  advantage 
that  it  neutralized  any  acid  which  might  be  formed  in  the  prepara- 
tion of  the  nutrient  fluid  or  in  the  growth  of  the  organisms.  As 
to  the  kind  of  soil  to  be  employed,  it  seems  desirable  to  approximate 
as  closely  as  possible  to  the  nature  of  the  tissues  of  the  calf  on 
which  we  know  that  vaccine  thrives.  Portions  of  the  heart,  liver, 
brain,  and  other  organs  of  the  calf,  were  tried.  Calf  blood  and 
serum  also  were  employed.  The  eyes  of  calves  were  also  used,  the 
lymph  being  inserted  into  the  aqueous  and  vitreous  humors,  the 
eye  being  maintained  in  an  antiseptic  condition.  Also,  the  vitreous 
and  aqueous  humors  were  taken  into  sterilized  watch  glasses  and 
lymph  planted  on  them.  Infusions  of  veal  alone,  or  with  peptone 
and  agar-agar,  were  used,  prepared  in  various  ways.  Milk  and 
whey  also  were  tried.  Besides  these  preparations  from  the  calf, 
other  organic  substances  were  employed,  such  as  infusions  of 
various  vegetables,  and  solutions  of  organic  salts  on  which  other 
organisms  were  known  to  thrive.     Eggs  also  were  used  in  various 

*  '*  In  artificial  media  it  is  a  frequent  experience  to  find  organisms 
destroyed  by  the  virulence  of  their  own  products,  before  all  the  food 
material  adapted  to  their  existence  has  been  exhausted."  ...  "  Patho- 
logical Mycology."  Section  1 ;  Methods,  p.  17.  .  .  .  "  The  products  of 
the  decomposition  started  and  maintained  by  septic  organisms  . 
have  a  most  detrimental  influence  on  themselves,  inhibiting  their  power 
of  multiplication;  in  fact,  after  a  certain  amount  of  these  products  has 
accumulated,  the  organisms  become  arrested  in  their  growth,  and  finally 
may  he  altogether  killed."    ^^'NV\cto-OT%;kmsm&ak\id  Disease, *'  Klein,  p.  171. 
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ways.  Newly-laid  eggs  were  cleansed  antiseptically — as  regards 
the  shell, — a  small  piece  of  the  shell  was  broken,  a  capillary  tube 
containing  lymph  was  inserted  into  the  albumen,  and  the  lymph 
planted  by  heating  the  tube,  the  outer  end  of  the  tube  being  sealed 
and  the  lymph  being  forced  into  the  egg  by  the  expansion  of  the 
air  in  the  tube.  The  albumen  was  also  taken  into  watch  glasses 
and  was  sometimes  mixed  with  other  substances. 

Of  all  these  soils  the  best  were  found  to  be  for  primary  culture, 
potatoes,  or  veal  soup  with  peptone  thickened  with  agar ;  and  for 
secondary  cultivations,  veal  soup  with  cloth  or  marble.  It  was 
also  found  that  the  soil  should  be  neutral  or  slightly  alkaline. 

The  next  point  which  falls  to  be  considered  was  as  to  the 
temperature  at  which  the  cultivations  should  be  made.  In  my 
earlier  experiments  the  cultivations  were  made  at  the  ordinary 
atmospheric  temperature  in  summer,  and  in  a  room  maintained  at 
a  moderately  uniform  temperature  by  means  of  an  ordinary  coal 
fire  in  winter.  The  growths  were  slow  and  somewhat  uncertain. 
For  the  last  three  or  four  years  I  have  used  cultivating  chambers, 
in  which  the  specimens  could  be  maintained  for  long  periods  at 
suitable  uniform  temperatures.  Of  these  chambers  I  used  two. 
They  were  made  of  galvanised  iron.  They  had  double  walls 
(Plate  XIV.,  Fig.  I.,  a  and  6),  between  which  water  was  contained, 
and  one  had  in  front  a  sliding  window  (c),  composed  of  two  sheets 
of  glass  with  air  between  them ;  the  other  was  closed  on  the  top 
by  a  lid  of  metal,  and  was  dark.  They  were  heated  by  a  Bunsen 
flame  {d),  the  gas  supplying  which  passed  through  a  Reichardt*s  gas 
regulator  («),  which  dipped  into  the  water,  and  which  secured  a 
uniform  temperature.  They  were  lined  with  felt.  A  minimum 
and  maximum  registering  thermometer  was  kept  inside  each.  In 
the  one  with  glass  front  I  had  an  arrangement  for  passing  gases 
through  the  chamber  or  through  individual  flasks,  which  consisted 
of  metal  tubes  (/)  passing  through  the  walls  on  each  side.  The 
temperatures  which  have  been  tried  in  these  chambers  have  varied 
from  70"  F.  to  100'  F.  Temperatures  from  70"  F.  to  80"  F.  are 
very  satisfactory  for  primary  cultivations,  and  from  90"  F.  to 
98"  F.  for  secondary.  Cultivations  have  been  maintained  for 
weeks  and  sometimes  months  at  uniform  temperatures,  varying 
only  one  or  two  degrees.  The  growths  at  these  temperatures 
showed  themselves  speedily,  and  advanced  rapidly.  They  were 
rather  softer  and  less  coloured  than  those  grown  at  lower  tempera- 
tures, and  as  a  rule  a  larger  number  of  initial  spots  arose  tcoxcL  tJx^ 
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planting.  The  influence  of  air  was  also  tested.  This  was  done  in 
various  ways.  Firat^  test  tubes  and  flasks  containing  various  soils 
were  inoculated  with  lymph  and  were  hermetically  sealed  by 
drawing  out  and  closing  the  neck  in  a  Bunsen  flame.  Second^ 
by  planting  the  lymph  into  the  deeper  portions  of  the  gelatine 
solution  by  means  of  a  long  capillary  tube ;  or  by  planting  on 
the  surface  of  the  gelatine,  and  then  pouring  over  this  surface 
some  of  the  same  gelatine  soup  cooled  to  near  its  solidifying  point. 
Third,  the  lymph  was  planted  in  soup,  and  a  layer  of  stearine 
or  other  oil  or  oily  acid  was  poured  on  the  surface  so  as  to 
exclude  air.  Fourth,  by  means  of  double  tubes  passing  into  soup 
in  the  flasks,  air  was  made  to  bubble  through  the  liquid  by  means 
of  an  aspirator.  It  was  found  that  in  the  absence  of  air,  or  with 
the  limited  quantity  contained  in  the  hermetically  sealed  vessels, 
little  or  no  growth  took  place,  that  is  to  say,  they  require  air  for 
active  growth ;  they  are  aerobic.  An  excess  of  air  did  not  appear 
materially  to  assist  the  development  To  test  the  effects  of  different 
gases  on  these  organisms  two  plans  were  employed.  First,  flasks 
or  test  tubes  (as  were  found  for  this  purpose  most  convenient) 
were  duly  inoculated  and  plugged,  and  were  then  placed  in  a 
wire  aige  under  the  bell-jar  of  an  air-pump  (Fig.  VIII.)  Air  was 
exhausted,  the  gas  to  be  experimented  with  was  then  admitted, 
and  the  cultivations  continued  in  the  presence  of  these  gases. 
Second,  another  plan  adopted  to  test  the  effects  of  gases  was  as 
follows : — Flasks  were  employed  which  had  two  pieces  of  tubing 
(Fig.  II.)  themselves  plugged  with  cotton  wool  passing  through  the 
cotton-wool  plug  of  the  flasks,  one  tube  reaehing  to  near  the  surface 
of  the  soil,  and  the  other  passing  only  a  little  way  into  the  flask. 
The  flask  stands  in  the  incubating  chamber,  the  gas  apparatus 
being  attached  by  india-rubber  tubing  to  one  of  the  small  pipes  on 
the  side  of  the  chamber.  This  pipe  is  attached  to  the  long  dipping 
tube  in  the  flask.  The  other  tube  of  the  flask  is  similarly  con- 
nected with  another  small  side  ])ipe.  The  gas  thus  passes  through 
the  flask,  coming  into  close  contact  with  the  growth,  and  passes 
through  the  other  tube  out  of  the  chamber.  In  this  way  we  avoid 
influencing  by  the  gas  the  other  cultivations  going  on  alongside 
for  comparison.  Round  the  cotton-wool  plug  of  the  flask  we  may 
place  melted  parafiin,  so  as  more  effectively  to  enclose  the  gas. 
In  this  way  we  may  connect  a  number  of  flasks,  and  pass  the  gas 
through  the  series.  Various  gases  were  employed  in  these  ways  to 
test  their  influence  on  the  microbes.     Although  I  have  performed 
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many  experiments  on  this  subject,  I  do  not  consider  them  con- 
cluded, but  so  far  as  they  go  it  may  be  said  that  under  nitrogen 
there  is  practically  no  growth ;  that  under  oxygen  they  grow,  but 
not  with  any  luxuriance;  and  that  under  carbonic  acid  their 
growth  is  active,  but  not  more  so  than  with  ordinary  atmospheric 
air.  The  effects  of  light  and  darkness  were  also  tested  by  using 
the  two  incubators  already  described — one  admitting  light  by  the 
glass  front,  and  the  other  entirely  dark.  The  microbes  gi*ew  as 
well  in  the  dark  as  in  the  light 

The  next  point  to  consider  was — What  lymph  should  be  used 
as  seed?  I  have  tried  calf  lymph,  vaccine  scabs,  and  fresh 
humanized  lymph,  but  I  give  the  preference  to  the  humanized, 
because  the  calf  lymph  was  difficult  and  it  was  practically  impossible 
to  obtain  the  scabs  free  from  extraneous  organisms.  The  method 
of  collecting  the  lymph  and  planting  it  is  very  important,  as  on 
this  depends  largely  the  success  in  obtaining  pure  cultivations. 
Newly-drawn  capillary  tubes,  about  15  inches  in  length,  are 
hermetically  sealed  in  the  flame  at  both  ends,  and  are  then 
placed  in  the  sterilizing  box  and  heated  to  300°  F.  for  an 
hour.  A  healthy  child,  on  whose  arm  vaccine  vesicles  of 
the  eighth  day  are  well  developed,  is  selected.  The  vesicles 
and  the  skin  adjoining  are  well  sponged  with  lint  soaked 
in  a  solution  of  bi-chloride  of  mercury,  1  in  100.  This  thoroughly 
cleanses  the  skin  and  destroys  any  organisms  which  may  exis 
on  the  surface.  The  vesicles  are  now  thoroughly  sponged  with 
absolute  alcohol,  so  as  to  remove  the  mercury,  which  of  course 
would  destroy  any  lymph  with  which  it  came  into  contact. 
The  absolute  alcohol  speedily  evaporates,  leaving  the  surface  of 
the  vesicles  clean  and  aseptic.  The  vesicles  are  punctured  with 
a  clean  needle,  which  has  just  been  sterilized  by  heating  to  redness 
in  a  flame  and  cooled  by  touching  with  absolute  alcohol.  The 
lymph  immediately  begins  to  exude.  The  two  ends  of  one  of  the 
sterilized  capillary  tubes  are  broken  ofl"  under  sterilized  cotton 
wool,  which  is  kept  wrapped  round  one  end ;  the  other  end  of  the 
tube  is  dipped  into  the  beads  of  the  lymph  on  the  arm,  which  of 
course  pass  into  the  tube  by  capillary  attraction.  About  one 
minim  is  sufficient  for  each  tube.  The  tube  is  now  removed  from 
the  arm,  the  air  in  it  is  expanded  by  passing  it  through  the  flame. 
A  piece  of  sterilized  cotton  is  placed  over  the  end  containing  the 
lymph,  and  the  opposite  end  of  the  tube  is  closed  by  melting  the 
glass  in  the  flame.     On  the  contained  air  cooling,  the  lymph  passes 
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along  the  tube,  the  air  which  enters  after  it  being  filtered  through 
the  wool.  This  end  is  now  sealed  in  the  same  manner  as  the  other. 
By  this  means  we  obtain  pure  lymph,  uncontaminated  by  anything 
on  the  arm  or  in  uncleansed  tubes.  And,  by  way  of  parenthesis, 
permit  me  to  say  that  I  strongly  urge  this  method  of  collecting 
and  storing  lymph  for  ordinary  use,  and  especially  for  lymph  which 
is  intended  to  be  kept  long  or  sent  abroad.  It  is  well  known  that 
lymph,  as  ordinarily  collected  and  stored,  deteriorates  in  a  short 
time  and  is  then  usually  found  to  contain  bacteria.  Such  long 
tubes  as  I  have  mentioned  are  not  required  for  ordinary  use,  a 
length  of  five  to  six  inches  being  sufficient. 

Having  obtained  the  pui-e  lymph,  we  have  now  to  plant  it  so 
as  to  avoid  risk  of  contamination.  The  plan  which  I  have  adopted 
is  as  follows  : — Heat  the  long  capillary  tube  containing  the  lymph 
at  about  the  middle,  and  bend  to  an  angle  of  60  or  70  degrees, 
then  cleanse  externally  that  limb  of  the  tube  which  contains  the 
lymph  by  sponging  it  with  bi-chloride  of  mercury,  then  with 
absolute  alcohol ;  pass  rapidly  through  the  flame  to  bum  off  the 
alcohol ;  break  a  small  piece  off  the  end  of  the  tube  on  the  limb 
which  does  not  contain  the  lymph,  under  sterilized  wool,  then 
break  a  small  piece  off  the  end  which  does  contain  the  lymph,  also 
under  sterilized  wool.  Now  loosen  the  cotton-wool  plug  of  the 
flask,  very  slightly  withdrawing  it,  pass  in  the  limb  of  the  capil- 
lary tube  containing  the  lymph  till  it  touches  the  surface  of  the 
soil ;  heat  the  outer  limb  of  the  tube,  sealing  the  end  of  it,  and 
expanding  the  air  contained  in  it.  This  drives  the  lymph  out  of 
the  other  limb,  and  plants  it  on  the  soil.  Withdraw  the  tube  and 
tighten  the  cotton-wool  plug.  In  this  process  the  risk  of  acci- 
dental contamination  is  exceedingly  slight. 

In  making  secondary  cultivations  for  solid  growths,  the  culture 
is  lifted  from  the  potato  or  agar  on  a  fine  glass  rod  or  platinum 
wire,  and  inoculated  on  the  new  soil  with  similar  precautions. 
In  making  secondary  cultivations  from  liquid  cultures,  the  lymph 
is  lifted  in  the  capillary  tubes  and  similarly  transferred. 

One  important  point  in  these  experiments  was  to  ensure,  as 
already  referred  to,  that  the  soil  was  pure.  For  this  purpose  the 
flsisks,  with  soil  ready  for  planting,  were  kept  in  an  incubator  for 
a  week  or  more,  in  which  period,  if  any  organisms  had  been 
present,  they  would  have  manifested  themselves. 

Having  considered  the  conditions  and  described  the  processes 
of  the  cultivations,  we  now  com^  to  tha  results.     These  have  been 
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by  no  means  all  that  were  desired,  but  such  as  they  are  we  give 
them. 

On  the  surflEice  of  the  potatoes  and  on  the  gelatine  soil,  the 
lymph  produces  a  growth  of  a  smooth,  sometimes  imdulated  (Plate 
XIII.,  Fig.  I.)  mass,  irregular  and  sometimes  dentate  (Fig.  II.) 
at  its  edges,  of  a  pearly  white,  yellow,  salmon,  orange,  or  almost 
red  colour.      In  the  gelatine  it  pushes  slightly  below  the  surface, 
but  not  to  a  great  extent.     It  does  not  liquefy  the  gelatine.     On 
potatoes  the  primary  growths  are  frequently  like  toadstools.     With 
temperatures  of  50°  F.  or  60°  F.,  the  growths  are  slow  in  appearing, 
ten  days  to  six  weeks  elapsing  before  any  sign  is  to  be  detected. 
In  this  case  the  first  appearance  is  usually  a  firm-looking  orange- 
coloured  minute  spot,  less  than  a  pin-head  in  size,  somewhere  within 
the  planted  area.      This  gradually  grows  and  spreads  over  the 
surface,  covering  perhaps  a  square  inch  or  so  after  a  few  weeks. 
Amongst  the  mass  will  frequently  be  found  small  white  growths, 
differing  from  the  rest  only  in  colour.    When  grown  at  from  90°  F. 
to  100**  F.,  the  primary  growths  may  appear  in  from  one  to  three 
or  four  days,  or  sometimes  within  12  hours.     In  this  case  the  first 
growth  may  coincide  with  the  whole  area  which  has  been  planted. 
In  the  former  case  the  great  mass  of  the  microbes  fail  to  germinate, 
one  or  two  spots  only  showing  growth  as  a  rule,  and  sometimes 
the  culture  entirely  failing;  at  the  higher  temperatures  20,  50, 
or   more   spots   of  growth   may  be   discernible  at  once,  or  tho 
whole   of    the   planted   surface   may   be   covered   with   a  mass. 
These  spots  soon  coalesce  and  form  a  mass  softer  and  usually 
whiter  than  the  slower  growths.     They  spread  rapidly.     Under 
the  microscope  these  masses  are  found  to  consist  of  micrococci,  in 
masses,  chains,  and   sometimes,   but   rarely,   otherwise   grouped. 
They  are  about  the  TrxyJxn^th  of  an  inch  in  diameter,  and  are  quite 
indistinguishable  from  the  micrococci  of  vaccine  lymph.      If  a 
portion   of  the   edge   of   this   growth,   at  a   distance   from   the 
originally  planted  lymph,  is  lifted  on  a  piece  of  sterilized  glass  or 
platinum  wire,  and  planted  on  fresh  soil  with  precautions  similar 
to  those  adopted  in  the  primary  plantings,  it  is  found  that  growth 
is  evidenced  much  more  speedily  than  in  the  primary  cultures,  a 
few  hours  serving  to  show  its  activity ;  and  it  continues  to  advance 
much  more  rapidly.     It  would  seem  as  if  the  first  awakening  of  vital 
activity  on  the  new  soil  was  slow,  but  that  havingonce  begun  to  grow 
on  it,  the  organisms  speedily  become  adapted  to  their  new  environ- 
ment :  we  may  say  that  they  have  become  naturalised. 
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When  the  fresh  lymph  was  planted  on  marble,  linen,  or  flannel 
dipping  into  the  nutrient  fluid,  a  similar  growth  took  place ;  but 
it  more  frequently  failed  in  these  cases  than  on  a  dry  soil.  The 
growth,  when  it  did  take  place,  was  much  softer,  and  tended  even 
to  flow,  and  besides  the  growth  on  the  marble,  linen,  or  flannel, 
there  was  found  diffused  through  the  liquid,  and  lying  on  the 
bottom  of  the  flask,  a  white  powdery-looking  mass.  These  growths 
and  the  powdery  mass  were  also  capable  of  secondary  cultivation^ 
and  were  found  to  consist  of  the  same  micrococci  as  the  dry  solid 
cultures.  On  these  immersed  solids  the  secondary  growths  were 
much  more  certain  and  active  than  the  primary.  When  the  fresh 
lymph  was  immersed  in  liquid  it  frequently  failed  to  grow,  and 
when  it  did  succeed  a  slight  opacity  resulted,  and  a  white  powdery 
mass  was  found  on  the  bottom  of  the  flask.  This  also  was  com- 
posed of  the  same  micrococci.  Secondary  cultures  were  more 
certain  and  more  rapid  in  liquid  than  were  the  primary,  but  less 
so  than  on  marble  and  cloth.  They  do  not  go  on  growing  inde- 
finitely, but  stop  after  a  time. 

The  growth  after  each  of  these  plans  could  be  reproduced  in  the 
same  soil  by  secondary  cultivation,  or  could  be  made  to  grow  by 
transference  to  one  of  the  other  soils.  They  were  mutually  inter- 
changeable, and  microscopically  they  were  identical  Here  I  may 
mention  that  sometimes,  notwithstanding  the  exercise  of  the 
utmost  care,  contamination  did  take  place.  This,  however,  was 
not  at  all  frequent,  and  when  it  did  take  place  it  was  easily 
detected  by  the  naked-eye  and  microscopical  appearances.  The 
naked-eye  appearances  even,  after  any  such  contaminations  as  I 
have  seen,  are  entirely  unlike  the  naked-eye  appearances  of  vaccine 
cultures. 

We  now  come  to  tlie  crucial  test  of  the  inquiry.  Do  these 
cultivated  micrococci  produce  vaccinia?  In  the  first  case,  being 
uncertain  whether  these  microbes  were  harmless  or  hurtful,  I  did 
not  feel  at  liberty  to  try  them  on  children.  My  first  experiments 
on  this  point  were  made  upon  myself  in  1878.  I  vaccinated  myself 
repeatedly  with  these  products.  They  produced  on  me  no  effect, 
locally  or  otherwise.  That  they  did  not  produce  vaccinia  did  not 
surprise  me,  as  I  have  been  so  thoroughly  vaccinated  and  re- 
vaccinated  as  to  have  become  a  very  unsuitable  soil.  These 
experiments,  however,  satisfied  me  that  there  was  no  danger  in 
vaccinating  with  this  material.  I  also  tried  these  cultures  on 
various  animals,  including  calves.     In  most  instances  no  positive 
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result  followed.  In  some,  papules  were  formed,  which  subsequently 
became  vesicular.  These,  however,  did  not  follow  the  normal 
course  of  vaccinia  in  the  calf.  On  the  sixth  or  seventh  day 
papules  appeared,  which  continued  to  enlarge.  On  the  twelfth 
day  the  scars  of  the  incisions  were  surrounded  by  a  vesicular  ring, 
which,  on  being  opened  and  pressed,  gave  out  a  viscid  opaque  fluid, 
which  I  collected.  With  this  liquid  I  vaccinated  four  children, 
but  without  result.  It  did  not  produce  vaccinia.  I  then  pro- 
ceeded to  vaccinate  children  with  primary  and  secondary  cultiva- 
tions, and  I  considered  it  best  to  vaccinate  the  children  with  these 
cultures  alone,  and  not  at  the  same  time  with  ordinary  vaccine 
lymph,  so  as  to  obtain  perfectly  certain  results.  In  performing 
these  vaccinations  I  used  a  new  lancet,  which  had  not  before 
been  used,  and  which  I  kept  exclusively  for  this  pui-pose,  so  that 
there  might  be  no  risk  of  its  retaining  ordinary  vaccine  lymph. 
My  first  experiments  in  produciDg  vaccine  with  artificial  cultures 
were  for  some  years  unsuccessful.  Tlie  culture  was  then  made  in 
liquid.  Since  I  began  to  cultivate  on  dry  soil,  and  especially  since 
I  began  to  make  the  secondary  cultivations  on  cloth  and  marble, 
suspended  in  nutrient  liquid,  so  as  to  expose  the  growth  to  the  air, 
and  supply  them  abundantly  with  nutriment,  my  results  have 
been  more  successful.  My  previous  failures  I  need  not  enumerate. 
Out  of  a  large  number  of  such  vaccinations  performed  with  primary 
and  secondary  cultivations,  I  found  (1)  that  most  failed  entirely 
to  produce  any  results ;  that  (2)  a  considerable  number  produced 
imperfect  vesicles  ;  and  (3)  that  some  produced  perfectly  normal 
vaccinia.  Those  children  on  whom  no  result  was  produced,  or 
who  had  imperfect  vesicles,  were  subsequently  vaccinated  success- 
fully with  ordinary  vaccine  lymph.  The  normal  vesicles  which 
were  produced  by  the  vaccination  with  these  cultures  were 
perfectly  normal  as  to  their  course  and  character,  and  were 
altogether  indistinguishable  from  ordinarily  produced  vaccinia. 
These  vesicles  were  found  to  yield  lymph  which  also  produced 
vaccinia,  and  which  was  in  all  respects  like  ordinary  vaccine  lymph. 
Since  my  first  successful  vaccination  with  such  cultures,  which 
was  made  in  December,  1885,  T  have  vaccinated  96  children  with 
these  materials.  Out  of  this  number  10  were  entirelv  successful, 
20  to  25  produced  abortive  vesicles,  which  developed  rapidly, 
and  which  rapidly  burst,  leaving  a  scab;  the  rest  produced  no 
result  Of  these  10  successful  vaccinations,  2  were  from  primary 
cultures  on  the  veal  soup  with  agar,  2  were  secondary  cultivationa 
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on  linen  with  veal  soup,  and  6  were  secondary  cultivations  on 
marble  in  veal  soup.  The  2  successful  cases  from  the  linen 
cultures  were  2  out  of  20  attempts;  the  2  on  the  gelatine  soup 
were  2  out  of  4;  and  the  6  on  marble  were  6  out  of  51.  The 
cultures  on  agar  were,  therefore,  the  most  successful ;  but  as  these 
were  primary  cultures,  and  were  of  slow  growth,  they  were  not 
considered  so  satisfactory.  The  cultures  on  marble,  being 
secondary  cultivations  and  growing  rapidly,  were  considered,  on 
the  whole,  the  most  satisfactory  which  had  been  obtained.  The 
white  spots  mentioned,  as  seen  amongst  the  coloured  growths 
when  planted  on  marble  and  liquid,  showed  no  difference  in  any 
respect  from  the  coloured  growths,  microscopically,  or  in  pro- 
ducing vaccinia. 

Such  is  a  brief  statement  of  the  actual  resulta  How  are  we 
to  interpret  these  results?  First — All  these  cultures  consisted 
of  micrococci  indistinguishable  from  those  of  ordinary  vaccine 
lymph  by  microscopic  examinations.  Second — There  were  found 
in  these  cultures  no  other  organisms.  Third — These  micrococci 
came  from  the  lymph,  as  the  sterilization  of  soil  and  apparatus 
and  tho  modes  of  collecting  and  planting  the  lymph  practi- 
cally secured  freedom  from  accidental  contamination.  We  may, 
therefore,  conclude  that  these  micrococci  are  the  direct  progeny 
of  the  micrococci  of  vaccine  lymph — that  is  to  say,  of  the  only 
organisms  which  the  lymph  is  known  to  contain.  But  how  is  it 
that,  if  these  organisms  are  indistinguishable  from  those  of  ordinary 
vaccine  lymph,  and  are  their  actual  progeny,  they  do  not  invariably 
produce  a  similar  development  of  vaccinia]  To  this  it  may  be 
answered,  either  (a)  that  the  micrococci  of  vaccine  lymph  are  not 
the  true  infecting  agents,  or  (6)  that  the  processes  of  artificial 
cultivation  have  modified  the  properties  of  the  organisms.*  But 
we  have  already  seen  that  there  is  quite  sufficient  reason  to 
assume  that  these  are  the  active  infecting  particles,  and  besides, 
the  fact  that  they  have  produced  in  some  cases,  as  already 
mentioned,  perfect  vaccinia,   entirely  negatives  this  supposition. 

*  Pasteur  on  the  "Attenuation  of  the  Virus  of  Fowl  Cholera"  by  his 
method  of  cultivation,  says — "I  would  not  dare  to  affirm  that  some 
inorpliological  correspondences  do  not  exist  between  the  parasite  and  the 
various  degrees  of  virulence  which  it  presents,  but  I  must  admit  that  up 
to  the  present  time  I  have  been  unable  to  perceive  them,  and  that  if  such 
really  exist,  the  eye  armed  with  the  microscope  is  prevented  from  per- 
ceiving them  by  the  exceeding  smallness  of  the  virus.  For  all  degrees  of 
viruience  the  cultivationa  are  alike."  "Micro-organisms  and  Disea8e,"p.  555. 
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The  second  explanation — namely,  that  cultivation  in  a  new  environ- 
ment has  modified  the  properties  of  the  lymph  to  such  an  extent 
that  its  infecting  power  towards  the  human  soil  has  been  very 
greatly  lowered  seems  much  more  natural,  and  is  supported  by 
numerous  considerations.  First,  we  do  know  that  vaccine  lymph 
is  modified  in  its  infecting  power  by  change  of  soil.  Calf  lymph 
is  more  infective  to  the  calf  than  to  the  child;  applied  to  the  child 
it  requires  more  careful  insertion  in  the  skin  to  produce  success 
than  is  required  for  humanized  lymph.*  The  secondary  cultivation 
of  the  calf  lymph  on  the  child  is  more  infective  than  the  original 
calf  lymph,  and  so  we  perceive  that  change  of  soil  does  modify  the 
inf ectivity  of  the  lymph.  Second,  it  is  found  that  cultivation  on  new 
soils  has  a  modifying  influence  on  the  properties  of  other  infecting 
organisms.  Pasteur,  in  his  experiments  on  chicken-cholera,  t  found 
that  by  modifying  the  conditions  of  cultivation  he  could  attenuate 
the  force  of  the  virus  so  as  to  secure  a  greatly  modified  form  of  the 
disease.  So  is  it  with  anthrax.  And  it  is  interesting  to  note  that  Ceely 
found  that  when  cows  were  successfully  inoculated  with  smallpox 
lymph,  cowpox  resulted,  and  that  when  the  lymph  from  this  cowpox 
was  inserted  into  the  arms  of  children  it  produced  vaccinia,  and  the 
eruption  never  approached  in  appearance  to  the  smallpox  eruption. 
Smallpox  of  man  conveyed  to  the  cow  produced  cowpox,  but  the 
cowpox  thus  induced  re-transferred  to  man  is  as  incapable  as  the 
natural  cowpox  itself  of  producing  infectious  smallpox.  We  see, 
then,  that  it  is  the  case  that  change  of  soil  modifies  the  properties 
of  the  organisms  cultivated.  Third,  the  artificial  cultures  of  the 
lymph  show  modification  in  respect  that  the  secondary  cultures 
grow  much  more  speedily  and  rapidly  than  the  primary  on  the 
same  soil.  In  adapting  themselves  to  the  new  soil  they  become 
naturalised,  and  to  this  soil  they  are  more  infective.  Fourth,  the 
chemical  products  of  the  growth  continuing  to  act  on  the  micrococci 
in  the  dry  soil  or  in  the  liquid,  when  present  in  a  large  proportion, 
may  lower  the  infecting  power  of  the  organisms,  as  alcohol  does 

*  In  a  circular  issued  by  the  National  Vaccine  Establishment,  and  signed 
by  Dr.  George  Buchanan,  it  is  stated  of  calf  lymph  *^  that  such  lymph  does 
not '  take '  with  the  same  degree  of  certainty  as  humanized  lymph  : "  that 
**  two  large  points  are  needed  for  the  vaccination  of  a  single  child  " — showing 
lessened  infectivity,  and  that  ''the  course  of  the  early  vaccinations  of  a 
series  is  not  so  regular  as  with  humanized  lymph," — showing  that  it  is 
less  fitted  to  develop  normally  in  the  human  system  than  lymph  which 
has  become  modified  by  humanization. 

t  "  Micro-parasites  in  Disease."    Cheyne,  p.  551. 
Vol.  XVIII.  ^  B 
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that  of  yeast.  FifUi^  the  different  susceptibilities  of  different 
children  to  vaccinia  may  account  for  the  cultures  proving  ineffectual 
in  producing  vaccinia  in  many,  and  succeeding  in  a  few.  It  may 
be  argued,  however,  that  the  success  was  diie  to  the  fact  that  the 
cultures  used  were  only  a  dilution  of  the  original  humanized 
lymph,  and  that  some  particles  of  this  original  material  produced 
the  vaccinia.  To  this  the  reply  is,  that  when  primary  cultures 
in  solids  were  employed,  a  portion  of  the  edge  of  the  growth  at  a 
distance  from  the  part  originally  planted  was  employed  Most  of 
the  successes  (8  out  of  10)  were  obtained  from  secondary  cultiva- 
tions, in  wliich  the  dilution,  if  such  it  was,  must  have  been  about 
one  in  ten  thousand,  and  in  which  it  was  practically  impossible  for 
any  of  the  original  lymph  to  be  present.  And,  besides  this,  the 
character  of  the  successful  results  seems  to  point  to  the  fact  that 
the  success  was  due  to  the  special  susceptibility  of  some  children. 
When  the  same  culture  of  micrococci  was  inoculated  on  a  number 
of  children,  it  entirely  failed  in  most,  but  when  it  did  succeed,  it 
succeeded  perfectly,  the  whole,  or  nearly  the  whole,  of  the  punctures 
producing  normal  vesicles,  which  is  more  in  harmony  with  the  sup- 
position of  different  susceptibilities  than  with  the  idea  of  the  original 
particles  being  diluted,  in  which  case  we  would  have  expected  an 
occasional  successful  puncture  on  many  rather  than  an  entirely 
successful  vaccination  of  a  few.  And  here,  again,  the  experience 
of  Ceely  throws  light  on  this  point.  Ceely  found  that  smallpox 
inoculated  in  cows  succeeded  in  about  one  case  in  twelve,  and 
Badcock  found  success  in  about  seven  per  cent.  In  these  cases  the 
material  employed,  being  smallpox  matter  was  certainly  not  a 
dilute  form  of  virus,  and  its  success  in  a  few  cases,  and  failure  in 
many,  was  clearly  due  to  difference  in  susceptibility  of  the  animals, 
and  to  the  fact  that  to  these  animals  this  material  had  a  low  in- 
fecting power. 

At  this  point  we  may  venture  an  explanation  of  the  abortive 
vesicles  which  in  about  25  of  the  96  cases  were  produced  by  the 
cultures.  These  irritative  vesicles  were  the  products  of  cultures 
which  had  been  continued  for  from  two  to  six  weeks,  and  in  which 
there  was  presumably  a  maximum  of  the  chemical  products  of  the 
growth  of  the  organisms ;  and  in  connection  with  this  may  be 
stated  an  observation  which  I  have  frequently  made.  On  potato 
cultures,  primary  or  secondary,  rapid  or  slow,  which  have  stood 
for  a  long  period,  and  which  have  ceased,  or  almost  ceased,  to  grow, 
there  is  usually  to  be  seen  a  dark  discoloration  of  the  potato,  in 
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the  form  of  a  ring  extending  from  an  eighth  of  an  inch  to  half  an 
inch  round  the  growth,  most  marked  at  the  lower  side  of  the 
growth,  if  the  potato  is  in  an  inclined  position.  This  is  probably 
a  soaking  of  the  potato  with  the  chemical  products  of  the  organism, 
and  is  the  cause  of  the  arrest  of  growth.  In  gelatine  growths, 
especially  in  test  tubes,  a  greenish  discoloration  frequently  extends 
downwards  into  the  gelatine  for  half  an  inch  or  more.  This  is 
probably  of  the  same  nature. 

The  hastily-developed  vesicles  already  mentioned  were  probably 
due  to  an  excess  of  irritating  matter,  perhaps  the  chemical  products 
of  the  growth  of  the  micrococci,  which  caused  local  irritation,  and 
which  lowered  the  vitality  of  the  organisms.  No  protection  was 
afforded  by  these  vesicles,  as  subsequent  vaccination  with  ordinary 
lymph  was  successful  in  all  these  cases.  What  then,  is  the  out- 
come of  this  investigation  1 

First — We  have  succeeded  in  cultivating  the  vaccine  contagium 
in  the  form  of  a  crop  of  micrococci,  the  progeny  of  the  micrococci 
of  ordinary  vaccine  lymph. 

Second — We  have  found  that  its  failure  in  ninety  per  cent,  of 
the  cases  proves  it  to  be  of  lessened  infective  power  and  for 
purposes  of  general  vaccination  entirely  unsuitable.  It  is  of 
lessened  infective  power,  but  not  necessarily,  when  it  does  succeed, 
of  lessened  protective  power.  It  is  not,  I  think,  a  truly  attenuated 
lymph,  because  when  it  does  succeed  its  success  is  perfect.  It  is 
lymph  which,  by  naturalization  in  a  new  soil,  has  become  less 
infective,  that  is  to  say,  less  ready  to  germinate  in  the  old. 

Third — We  have  succeeded  in  producing  vaccinia  on  a  number  of 
children  (ten  per  cent,  of  the  cases),  apparently  susceptible,  in  a 
special  degree,  by  inoculation  of  these  cultures. 

Fourth — These  occasional  successes  serve  as  a  fresh  starting 
point  for  the  renewal  of  lymph,  enabling  us  not  certainly  to 
obtain  a  sufficient  supply  for  general  purposes  of  vaccination,  but 
yet  enabling  us,  in  a  soil  not  otherwise  zymotic,  to  cultivate  the 
contagium  of  vaccine  lymph,  and  so  to  secure  a  fresh,  untainted 
renewal  of  our  lymph.  Does  this  end  the  inquiry]  By  no  means, 
or  you  would  feel  with  me  that  the  labour  had  been  almost  in  vain. 

What  I  have  laid  before  you  will,  I  hope,  serve  as  stepping- 
stones  to  others  and  to  myself,  by  which  we  may  rise  to  more 
successful  results.  What  is  now  required  is  to  find  some  new 
mode  of  cultivation,  or  some  modification  of  those  enumerated — 
some  adjustment  of  the  environment,  which  will  maAntaAxi  \Xi<^ 
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infective  power  of  the  original  lymph,  or  augment  that  of  the 
cultures.  But,  before  concluding,  I  have  one  suggestion  to  make. 
It  is  now  held  by  many  competent  authorities  that  oowpox  and 
vaccinia  are  modified  derivatives  of  human  smallpox.  We  hare 
seen  that  the  microbes  of  smallpox  virus  and  of  vaccine  lympli  are 
indistinguishable,  and  we  know  that  much  of  the  lymph  at  present 
in  use  is  the  direct  outcome  of  the  original  inoculation  of  cows 
with  smallpox  matter  made  by  Ceely.  Is  it  not,  then,  the  case 
that  the  change  of  soil  has  produced  on  the  organismB  a  change 
much  like  that  which  Pasteur  produced  by  attenuating  the  vims 
of  chicken-cholera?  If  so,  should  not  our  starting  point  in 
attempting  to  cultivate  these  microbes  be  the  micrococci  of  small- 
pox ?  and  should  we  not  seek  to  reduce  these  by  such  modes  of 
cultivation  as  will  attenuate  them,  so  perhaps  getting  something 
nearer  to  the  identical  potency  of  vaccine  lymph  ?  This  suggestion, 
which  I  uiake  with  all  caution  and  reserve,  may  merit  farther 
consideration. 


DESCRIPTION  OF  PLATES. 
Plate  XIII. 

Cultivations  of  Vaccine  Micrococci  ox  Gelatine. 

Fig.  I. — Primary  culture,  slow  of  growth,  with  undulated  herder,  showing 
mode  uf  spreading. 

Fig.  II.— Similar  growth  with  dentate  edges,  growing  rather  more  rapidly. 

Fig.  III. — Secondafy  cultures,   more  fluid,  growing  and  spreading  much 
more  rapidly. 

Fig.  IV. — Same  as  last. 

Fig.  V. — Primary  cultures,  showing  six  points  from  which  the  growthi 
spread ;  of  slow  growth  and  of  moderately  firm  conaistency. 

Pl.\te  XIV. 

Fig.  I.— Incubator,  made  of  galvanised  sheet  iron. 

(a)  and  (h)  Walls  between  which  water  is  contained. 

(c)  Glass  front  composed  of  two  plates  of  glass  slightly  apart. 

This  window  is  suspended  by  a  weight  working  over  wheels, 
and  so  can  be  readily  raised  for  inspection  of  preparations.  It 
is  sliown  raised  in  plate. 
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lymph  proved  successful  I  continued  to  vaccinate  with  lymph 
cultivated  in  the  same  manner,  and  also  under  modified  conditions, 
with  the  results  stated  in  the  text  and  shortly  exhibited  here : — 


•  No.  of 
VtCfl. 

Soils. 

Microscopical 
Appeannces. 

Failure. 

Saccen. 

1 
Uqoid. 

SoIM. 

20 

aoth(PlateXIV., 
Fig.  III.)  Veal  tea 
+  peptones,  neu- 
tral   or    slightly 
acid  or  alkaline 
in  reaction. 

Micrococci  rapidly 
multiplying     on 
cloth,    and    in 
liquid,   and  at 
bottom  of  liquid. 

18 

51 

Marble  (Plate  XIV., 
Fig.  IV.)    Same 
nutriment. 

Ditto. 

55 

6 

4 

Veal  tea    +    pep- 
tones    +     agar. 
Neutral  or  faintly 
acid  or  alkaline. 
(Plate  XIV.,  Fig. 
VI.)  These  were 
primary  cidtiva- 
tions. 

Ditto. 

2 

I 

2 

Same    liquid,     in 
potash      bulb; 
through  air  had 
been      aspirated 
for  seven  days. 

Ditto. 

2 

0 

2 

Same  liauid,  with 
layer  of  oil  on  top 
so  as  to  exclude 
air. 

Ditto. 

2 

0 

11 

Same  soil  as  above 
+  glycerine. 

1 

2 

0 

4 

1 

Same  soil  +  chalk. 

4 

0 

2 

Sponge,  with  same 
liquid. 

2 

0 
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XXXIV. — AiUonuUic  Electrical  Lighting  of  Trains,     By  Thomas 

P.  Cabswell,  C.E. 


[Read  before  the  Society,  13th  April,  1887.] 


There  are  three  methods  of  train-lighting  in  use — namely,  by  oil, 
gas,  and  electricity.  As  this  paper  is  only  intended  to  deal  with 
the  latter,  the  first  two  systems  will  be  passed  over.  The  amount 
of  light  from  each  is  in  favour  of  gas  as  against  oil,  and  of  electricity 
as  against  gas.  Incandescent  lamps  only  are  used  in  train-lighting 
by  electricity,  the  arc  light  not  being  suitable.  In  using  the  in- 
candescent lamps  they  are  placed  in  each  compartment,  and 
generally  take  the  place  of  the  oil  or  roof  lamp.  There  have  been 
three  practical  applications  of  train-lighting  by  electricity.  In  the 
first  two  the  roof  lamps  are  replaced  by  incandescent  lamps,  while 
in  the  third  case  they  have  not  been  interfered  with.  The  first 
method  is  still  in  use,  the  second  has  been  abandoned,  and  the 
third  is  just  being  tried.  Perhaps  it  will  be  better  to  give  a  short 
description  of  each,  beginning  with  the  first  method. 

In  1883  Messrs.  Stroudley  and  Houghton  took  out  a  patent  for 
lighting  the  Pullman  train  on  the  Brighton  line.  A  small  dynamo 
was  placed  in  the  guard's  van,  driven  from  shafting  fixed  under  the 
floor,  and  the  shafting  was  driven  direct  from  the  axle  of  one  pair 
of  wheels  by  means  of  a  belt.  The  dynamo  had  patent  reversible 
brushes  to  suit  running  of  train  in  either  direction,  and  was  so 
arranged  that  the  circuit  was  not  closed  till  the  train  was  running 
at  a  certain  speed.  The  dynamo  then  charged  a  set  of  accumulators, 
also  placed  in  the  van,  and  weighing  about  5  tons.  The  oil  lamps 
were  replaced  by  two  10  candle-power  incandescent  lamps  in  each 
compartment,  connected  by  two  main  leads  or  wires  to  the 
accumulators.  Flexible  wires  and  brass  couplings  were  used  for 
connecting  the  carriages  together. 

By  this  means  enough  electricity  was  stored  up  to  light  the  lamps 
when  the  train  was  at  a  stand,  and  it  was  only  in  the  event  of 
having  to  disconnect  the  train  that  the  lamps  were  not  lit.  This 
system  has  been  extended  on  this  line,  and  seems  to  be  working 
very  well,  but  I  cannot  speak  as  to  the  cost  of  maintaining  it.  The 
lighting  of  the  whole  of  the  lamps  is  done  b\  t\i<^  ^^^.x^.^  ^i^CkKsc^ 
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being  a  switch  in  his  van  so  that  they  are  under  his  control  Of 
course,  in  the  event  of  one  of  the  connections  between  the  carriages 
giving  wav,  the  whole  of  the  lights  would  go  out. 

The  second  method  had  two  different  arrangements — accumu- 
lators being  used  in  one  and  not  in  the  other,  and  the  guard 
controlling  the  lighting  of  the  lamps  of  the  whole  train  as  before. 

In  reference  to  the  first  arrangement,  it  may  be  stated  that 
.  during  the  year  1884,  on  the  Great  Eastern  Railway,  and  also  on 
the  Great  Northern,  incandescent  lamps  were  used,  the  same  as 
on  the  Brighton  line,  the  carriages  being  connected  together  in 
the  same  way.  Accumulators  were  also  used,  but  these  were 
placed  at  the  ends  of,  or  under,  each  carriage,  and  were  charged 
by  a  small  dynamo,  fixed  on  the  top  of  the  locomotive  boiler  and 
driven  by  a  high-speed  engine.  By  this  means  the  lamps  were 
lit  although  the  locomotive  was  not  attached  to  the  train,  but 
owing  to  the  difficulty  in  getting  at  the  accumulators,  and  the 
attention  they  required,  as  well  as  the  difficulty  in  keeping  the 
connection  between  the  carriages  clean  when  the  trains  were 
broken  up  or  shunted,  both  companies  have  given  up  this  method 
entirely. 

The  following  remarks  apply  to  the  second  arrangement.  During 
the  year  1885  the  Lancashire  and  Yorkshire  Railway  CJompany 
had  some  trains  fitted  in  the  same  way,  but  no  accumulators  were 
used.  There  was  considerable  difficulty  in  keeping  the  speed  of  the 
dynamo  constant,  owing  to  variation  of  steam  pressure,  while  the 
connections  between  the  carriages  were  troublesome.  The  light, 
however,  was  satisfactory,  but  the  extra  cost  and  the  benefits 
derived  from  its  use  did  not  warrant  an  extension  of  the  system; 
and  latterly  it,  too,  was  done  away  with  altogether. 

What  I  propose  to  speak  of  as  the  third  method  (patented  17th 
May,  1886)  is  that  which  is  now  being  tried  for  the  first  time,  I 
believe,  on  the  Glasgow  City  and  District  Railway.  Inasmuch  as 
incandescent  lamps  are  fixed  in  each  compartment  of  the  railway 
carriage.s,  this  and  the  other  two  methods  of  lighting  spoken  of 
have  at  least  one  feature  in  common. 

On  the  City  and  District  Railway  the  circumstances  under 
which  the  light  is  required  are  entirely  different  from  almost  all 
others,  as  it  is  specially  required  during  the  day  and  while  the 
trains  are  in  the  tunnels  only.  These  trains  inm  in  the  open  air  the 
greater  part  of  their  journey,  but  have  to  pass  through  the  tunnels 
from  three  to  fifteen  times  dai\^  \  oy,  in  other  words,  they  are, 
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on  an  average,  somewhat  over  an  hour  in  darkness.    The  arrange- 
ment for  lighting  each  train  as  it  enters  the  tunnel  is  as  follows : — 

A  centre  or  third  rail  has  been  laid  down  from  one  end  of  the 
tunnel  to  the  other,  but  is  omitted  in  the  open  air.  It  is  formed 
of  ordinary  "]"  iron,  and  is  inverted  and  laid  on  insulators  or  sup- 
ports, so  that  it  stands  4  or  5  inches  higher  than  the  ordinary  rail. 
It  is  jointed  together  by  small  angle  irons  with  four  bolts,  there 
being  a  small  strip  of  sheet  copper  between  the  two  to  help  the 
contact.  The  holes  in  it  are  oval  so  as  to  admit  of  expansion  and 
contraction,  and  it  is  held  in  position  by  iron  cotter  pins,  which 
pass  through  the  sides  of  the  jaws  or  supports.  At  each  end  of 
the  tunnel,  this  centre  rail  or  inverted  "["  iron  is  bent  down  to 
the  level  of  the  ordinary  rails  so  as  to  form  an  inclined  plane. 
(Plate  XV.,  Figs.  6  and  7.) 

The  insulators  or  supports  which  are  used  are  made  of  glazed 
fire-clay,  and  have  the  central  part  or  stem  isolated  from  the  base. 
The  stem  has  two  slots  in  it,  one  to  receive  the  "]"  iron,  and  the 
other  for  the  cotter  or  split  pin  to  pass  through.  A  small  piece  of 
roofing  felt  soaked  in  oil  is  laid  in  the  slot  on  which  the  "["  iron 
rests.  The  lower  part  or  base  is  made  in  the  form  of  a  trough,  which 
is  filled  with  oil  to  help  the  insulation,  and  is  fastened  to  the 
sleepers  by  means  of  two  coach  screws. 

By  this  method  of  fixing  the  centre  rail,  it  is  always  kept  at 
the  same  height  above  the  ordinary  rails,  and  if  the  latter  are 
raised  the  former  is  also  raised,  as  it  rises  with  the  sleeper.  The 
supports  are  fixed  about  5  feet  apart,  and  as  far  as  can  be  seen 
they  stand  very  well. 

Two  contact-makers  or  pulleys  (Figs.  2,  4,  and  7)  are  fixed  to 
the  framing  of  each  carriage,  at  a  height  to  correspond  with  that 
of  the  centre  rail.  Only  one  is  required,  but  it  is  found  that  two 
give  a  steadier  light,  and  where  there  are  junctions  to  pass  over; 
both  are  required  to  maintain  the  connection.  These  pulleys  are 
made  of  crucible  cast  steel,  and  are  15  inches  in  diameter.  They 
are  hung  on  a  centre,  so  as  to  move  in  horizontal  direction,  and 
have  spii*al  springs  on  the  top  of  the  axle  box,  which  allow  them 
to  rise  vertically  3  or  4  inches.  Two  side  flat  springs  are  fixed  on 
the  hanger  or  jaw  in  which  the  pulley  works,  in  order  to  keep  it 
in  a  vertical  position. 

The  current  of  electricity  for  lighting  the  lamps  is  derived 
from  a  large  Crompton  compound-wound  self-regulating  dynamo, 
having  a  potential  at  the  terminals  of  110  volts.     This  dynamo 
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is  always  kept  nmning,  the  positive  lead  being  connected  to  the 
centre  rail,  and  the  negative  lead  to  the  ordinary  rails.  It  is 
driven  by  the  same  engine  as  is  used  for  lighting  Queen 
Street  High-Level  Station.  The  djmamo  leads  are  not  connected 
directly  with  the  centre  rail,  but  to  three  Hedges'  patent  safety 
fuses  in  the  engine-room,  in  case  of  a  short  circuit     (Fig.  1.) 

The  tunnel  is  divided  into  three  circuits — namely,  College  to 
Queen  Street  Station  (Low  Level),  and  Queen  Street  to  Charing 
Cross  and  to  Finnieston.  By  this  means,  in  the  event  of  there  being 
a  breakdown  in  either  tunnel,  it  can  be  switched  off  so  as  not  to 
interfere  with  the  other  two.  The  length  of  each  circuit  is  748, 
484,  and  2,196  lineal  yards,  respectively. 

The  area  of  the  centre  rail  increases  as  it  leaves  the  dynamo, 
while  the  resistance  of  each  circuit  is  the  same. 

The  estimated  loss  or  fall  in  potential  at  the  end  of  each  circuit 
with  a  train  in  it  was  10  volts,  and  it  is  found  that  at  Finnieston 
Station,  which  is  2,196  yards  away,  such  is  the  case. 

It  is  possible  to  have  two  trains  in  two  of  the  circuits,  and 
four  in  the  other,  or  eight  in  all ;  and  the  cables  leading  to  each 
have  been  arranged  accordingly.  Insulated  cables  laid  in  creosoted 
troughiug  and  filled  with  pitch  have  been  laid  from  the  dynamo 
to  the  centre  and  ordinary  rails. 

The  wires  from  the  contact  pulleys  are  connected  to  two  16 
candle-power  lamps,  which  have  been  placed  in  each  compartment^ 
fixed  on  either  side  of  the  ordinary  roof  lamp,  so  as  not  to  interfere 
with  it,  and  in  order  that  the  latter  may  be  used  when  required, 
(Fig.  2.)  These  lamps,  which  are  of  the  Swan  type,  are  25,  50, 
and  100  volt  lamps.  Only  one  is  lit  at  a  time,  the  second  being 
a  reserve,  which  automatically  lights  itself  in  the  event  of  the  first 
one  failing.  This  is  accomplished  by  means  of  a  small  "  cut-out " 
or  electro-magnet,  round  which  the  current  flows  to  the  first  lamp. 
The  other  lamp  is  connected  to  a  spiing,  but  it  is  only  put  into 
circuit  by  the  armature  of  the  electro-magnet  being  released. 
Each  of  these  "cut-outs"  carries  a  small  fusible  wire  which 
prevents  the  lamp  being  burned  up  in  the  event  of  too  much 
current  passing.     (Fig.  5.) 

Each  circuit  is  formed  in  the  following  way : — The  positive  lead 

to  the  lamps  is  connected  to  the  two  contact  pulleys,  while  the 

negative  is  connected  to  the  spring  of  the  carriaga     It  will  thus 

be  seen  that  as  soon  as  the  train  enters  the  tunnel  the  pulleys 

make  contact  with  the  centre  raVi,  \\ve  cvtct^tA*  lowing  from  the 
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dynamo  through  the  centre  rail  and  pulleys  to  the  lamps,  and 
returning  through  the  spring  and  wheels  of  the  carriage  to  the 
ordinary  rail,  and  through  it  back  to  the  dynamo  again.  On  the 
train  leaving  the  tunnel  the  pulleys  run  down  the  inclined  plane 
of  the  centre  rail,  breaking  the  connection  and  so  putting  the 
lamps  out.  As  regards  the  power  required  for  each  train,  it  may 
be  said  to  be  about  2,000  Watts,  or  from  two  to  three  horse-power. 

In  case  of  a  short  circuit  occurring  between  the  centre  and 
ordinary  rails,  by  a  locomotive  or  other  vehicle,  a  small  indicator 
has  been  placed  on  each  line  of  rails,  and  is  connected  by  an 
electric  bell  with  the  engine-house.  It  is  placed  a  little  higher 
than  the  centre  rail,  so  as  to  call  attention  before  "short-circuiting" 
with  the  latter  takes  place. 

In  order  to  prevent  the  rusting  of  the  centre  rail,  or  to  keep  it 
clean  so  as  to  make  good  contact,  a  steel  wire  brush  is  being  fixed 
on  one  carriage  in  each  train.  It  is  found  that  the  brush  makes 
better  contact  and  gives  a  steadier  light  than  the  pulley,  but, 
owing  to  the  friction,  the  tear  and  wear  would  be  too  great  to 
adopt  it  entirely. 

As  to  the  effect  of  coming  in  contact  with  the  centre  rail,  there 
is  no  danger:  the  potential  is  too  low,  and  although  some  men  do 
feel  the  current  a  little,  others  again  cannot  feel  anything.  The 
advantage  of  using  a  high  potential  is  that  smaller  wires  or  a 
lighter  area  of  centre  rail  can  be  used,  while  the  fall  or  loss  in 
working  is  not  so  great  The  potential  used  here  is  only  half  of 
that  allowed  by  the  Board  of  Trade — namely,  200  volts. 

It  is  found  that  the  small  "  cut-outs  "  work  best  either  with  the 
25  or  50  volt  lamps,  as  they  take  more  current,  but  when  regulated 
and  connected  to  a  single  100  volt  lamp  they  act  well. 

As  already  mentioned,  the  end  of  the  centre  rail  at  Finnieston 
Station,  which  is  furthest  away  from  the  dynamo,  is  distant  about 
1^  miles  (2,196  lineal  yards);  and  at  this  point,  with  one  train  in 
circuit,  having  36  lamps,  the  potential  is  100  volts,  or  that  required 
to  light  the  lamps. 

The  insulation  of  the  centre  rail  is  not  quite  perfect,  there 
being  a  slight  leakage,  but  it  cannot  be  traced  to  any  particular 
part,  and  it  is  practically  inappreciable.  This  may  arise  by  the 
steam  conveying  the  current  to  "earth,"  as  on  a  dull  day  the 
centre  rail  is  quite  wet ;  and  in  the  distance  from  the  dynamo  to 
Unnieston  the  area  exposed  is  no  less  than  840  square  yards 
on  one  line  alone,  so  that  the  leakage  is  not  to  be  -voxAiet^.^  ^\.* 
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It  will  be  seen  that  by  this  system  the  train,  or  rather  each 
carriage,  is  lighted  and  extinguished  on  entering  or  leaving  the 
tunnel — automatically,  as  it  were.  There  are  no  connections  be- 
tween the  carriages,  so  that  the  train  can  be  broken  up  or  shunted 
as  usual,  while  the  light  is  maintained  whether  the  train  is  in 
motion  or  at  a  stand. 

During  the  New  Year  holidays  some  of  the  trains  were  running 
with  only  one  carriage  fitted,  while  others  had  six  or  eight  fitted 
and  the  remainder  not. 

During  the  passage  of  these  trains  through  the  tunnel  the  speed 
of  the  dynamo  was  nearly  constant,  and  their  presence  in  the 
circuit  could  only  be  detected  by  a  slight  hissing  noise  at  the 
commutator  brushes,  and  faint  sparking,  if  any. 

This  system  has  now  been  in  use  four  months,  and  two  trains 
have  been  running  all  this  time,  only  being  off  one  day  weekly 
to  be  cleaned. 

The  number  of  lamps  in  the  two  trains  was  on  an  average  60 ; 
and,  in  the  four  months'  lighting,  three  of  them  have  had  to  be 
renewed.  Two  of  the  three  were  broken  maliciouslv,  the  outside 
globes  having  been  broken  also,  while  in  the  other  the  carbon 
filament  gave  way,  having  burned  100  hours. 

[Since  this  paper  was  read,  eight  trains — or,  in  all,  74  carriages 
-have  been  fitted,  and  are  running  daily.  Taking  the  running 
of  these  trains  for  six  months,  the  total  number  of  lamp  hours  is 
39,642.  During  this  time  it  has  been  necessary  to  replace  44 
lamps,  so  that  the  average  life  of  the  lamps  has  been  900  hours 
each;  but  as  11  of  these  lamps  were  broken  maliciously  by 
passengers  in  the  trains,  their  actual  life  is  1,210  hours.] 

In  this  system  the  electric  light  is  not  used  at  night,  the  gas  or 
oil  lamps  being  still  made  use  of,  which  are  there  to  fall  back  on 
should  a  breakdown  take  place. 

In  the  other  systems  the  electric  light  was  used  alone,  and  could 
be  made  use  of  at  any  time,  whereas  in  this  it  can  only  be  had  in 
the  tunnels.  Of  course,  it  has  the  advantage  of  allowing  the  trains 
to  be  broken  up  (which  is  done  sometimes  twice  a  day),  without 
having  any  extra  couplings,  and  having  the  light  only  when  re- 
quired, without  the  control  of  anyone. 

The  cost  of  this  system  is  less  by  a  fourth  than  that  of  either 
of  the  other  two,  and  fully  a  third  less  than  that  of  gas,  while  the 
working  expenses  are  much  the  same  as  the  first  two  systems^  but 
a  third  less  than  gas-ligViling. 
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REPORTS   OF    SECTIONS. 

FOR  SESSION  1886-87. 


[Received  at  Meeting  of  Society  on  4th  May,  1887.] 


1. — Report  of  the  Architectural  Section. 

During  the  Session  eight  Meetings  have  been  held,  at  which 
twelve  papers  have  been  read.  The  following  is  a  list  of  the 
papers  read  at  the  Meetings : — 

Monday,  November  16, 1886, — Opening  Meeting,  when  James 
Thomson,  Esq.,  Architect,  F.R.I.B.  A,  President  of  Section,  gave 
his  address. 

Monday,  November  29,  1886, — A.  Buchanan  Miller,  Esq.,  read 
a  paper  on  **  Some  Notes  on  the  proper  Ventilation  of  Public 
Buildings  by  Mechanical  Means." 

Monday,  December  13,  1886. — John  Honeyman,  Esq.,  Archi- 
tect, F.R.I.B. A.,  read  a  paper  on  "Incidence  of  Taxation  as 
affecting  the  Housing  of  the  Poor." 

Monday,  January  17,  1887, — E.  C.  Morgan,  Esq.,  read  a  paper 
on  "  Cements  and  their  Uses ;"  and  J.  W.  Mackie,  Esq.,  Marble 
Cutter,  read  a  paper  on  "  Marbles  and  Tiles." 

Monday,  Jam.uary  31, 1887, — ^Andrew  Robson,  Esq.,  Architect, 
read  a  paper  on  "  The  Nature  and  Capabilities  of  Timber  adapted 
for  Building  Purposes;"  and  W.  G.  Lindsay,  Esq.,  C.A.,  read  a 
paper  on  "  North  Carolina  and  its  Timber  Forests." 

Monday,  Febriuiry  14,  1887, — Archibald  Ferguson,  Esq., 
Writer,  read  a  paper  on  "Some  Minor  Rights  of  Land  Ownership;" 
and  A.  Lindsay  Miller,  Esq.,  Architect,  read  a  "  Short  Sketch  of 
the  History  of  the  Society." 

Monday,  Fehruan^j  18,  1887, — Duncan  Dewar,  Esq.,  read  a 
paper  on  "  Decorative  Art;"  and  Joseph  Potts,  Esq.,  C.E.,  read 
a  paper  on  "  Urban  and  Suburban  Drainage." 

Monday,  March  14, 1887, — James  P.  M*Gilvray,  Esq.,  Sculptor, 
read  a  paper  on  "Technical  Education." 

The  thanks  of  the  Section  are  due  to  all  those  gentlemen. 
During  the  Sesson  15  Associates  joined  the  Section. 
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The  Annual  Business  Meeting  was  held  on  Monday,  March  15, 
when  the  following  gentlemen  were  elected  to  office : — 

President — James  Thomson,  Esq.,  Architect. 

Vice-Presidents — ^Thomas  Gildard,  Esq.,  Alexander  Muir,  Esq., 
Builder. 

Trea^surer — Mr.  James  Howatt,  Measurer. 

Secretary — Mr.  A.  Lindsay  Miller,  Architect,  121  West  Regent 
Street. 

Members  of  Council — James  Sellars,  Esq.,  Architect;  David 
Thomson,  Esq.,  Architect;  James  Chalmers,  Esq.,  Architect; 
T.  L.  Watson,  Esq.,  Architect;  David  Barclay,  Esq.,  Architect; 
R.  A.  M*Gilvray,  Esq.,  Plasterer;  William  Gilfillan,  Esq.,  Marble 
Cutter;  William  Howatt,  Esq.,  Measurer;  William  Cairns,  Esq., 
Plumber;  James  Pamie,  Esq.,  House  Factor. 

(Signed)        A.  Lindsay  Miller,  Architect^ 

Hon,  Secretary  of  Section, 
121  West  Regent  Street. 


2. — Report  op  the  Geographical  and  Ethnological  Section. 

During  the  Session  three  papers  from  the  Section  were  read 
before  the  Society.  1st,  "  On  the  Maimers  and  Customs  of  some 
of  the  Tribes  of  New  Guinea,"  by  the  Rev.  James  Chalmers,  on 
10th  November;  2nd,  "Geographical  Alto-Relievo  Models  and  their 
place  in  Education,*'  by  Mr.  Wm.  Martin,  on  2nd  February ;  3rd, 
on  "  The  Australian  Aborigine,  as  he  was,"  by  Mr.  Arthur  Kay, 
also  on  2nd  February.  In  addition  to  these,  two  Meetings  were 
held  under  the  arrangement  for  holding  Joint  Meetings  with  the 
West  of  Scotland  Branch  of  the  Scottish  Geographical  Society,  at 
which  the  following  papers  were  read : — 1st,  "  The  Congo :  its 
Past  and  Present,"  by  Colonel  Sir  Francis  de  Winton,  on  26th 
January ;  2nd,  "  Japan,"  by  Consul  Russell  Robertson,  on  19th 
April. 

Office-Bearers  for  1886-87. 

President— W.  G,  Blackie,  Ph.D.,  LL.D.,  F.R.G.S. 

Vice-Presidents  —  James  Stevenson,  F.  R.  G.  S. ;  Sir  Michael 
Connal;  Thomas  Muir,  M.A.,  LL.D.,  F.R.S.E. 

Secretary  and  Treasurer — G.  A.  Turner,  M.D.,  CM. 

Members  of  Council — Jas.  Christie,  A.M.,  M.D. ;  Mr.  William 
Ewing,  Mr.  Nathaniel  Duniop,  Mr.  Robt.  Gow,  Mr.  Jas.  Qrierson, 
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Mr.  Maxwell  Hannay,  Mr.  William  Ker,  Mi\  Jacques  van  Eaalte, 
jMt.  Alexander  Scott,  Mr.  W.  Renny  Watson,  Mr.  Arthur  Kay, 
Mr.  Robert  Blyth,  C.A. 

(Signed)        Geo.  A.  Turner,  M.D., 

Secretary. 


3. — Eeport  op  the  Biological  Section. 

The  Section  held  no  Meetings  of  its  own  during  the  Session,  but 
a  number  of  communications  were  brought  forward  at  General 
Meetings  of  the  Society. 

Mr.  Wm.  Milne  read  a  paper  **0n  a  New  Tentaculiferous 
Protozoon  and  other  Infusoria,  with  Notes  on  Reproduction  and 
the  Function  of  the  Contractile  Vesicle." 

Mr.  A.  £.  Kelly  gave  a  demonstration  of  a  new  method  of 
preparing  and  cutting  Microscopical  Sections. 

Professor  F.  O.  Bower  read  two  papers :  (1)  "  On  the  Relations 
of  Black  Ants  to  the  Plant  Humboldtia  lauri/olia ; "  (2)  "  On  a 
Morphological  Peculiarity  in  Cordyline  Aristralis" 

Dr.  John  Yule  Mackay  read  a  paper  on  "The  Comparative 
Anatomy  of  the  Vertebral  Artery.'' 

(Signed)        John  Yule  Mackay,  M.D., 

Secretary, 


4. — Report  op  the  Mathematical  and  Physical  Section. 

A  Meeting  of  the  Section  was  held  on  the  17th  November, 

1886,  at  which  the  following  OfBce-Bearers  were  elected  : — 

President — Sir  William  Thomson,  LL.D.,  D.C.L.,  <kc. 

Vice-Presidents — Thomas  Muir,  M.A.,  LL.D.,  and  Professor 
Robert  Grant,  M.A.,  LL.D.,  F.R.S. 

Secretary  and  Treasurer — Robert  Franklin  Muirhead,  M.A., 
B.Sc. 

Members  of  Council — Peter  Alexander,  M.A. ;  Professor  James 
Blyth,  M.A. ;  James  Thomson  Bottomley,  M.A. ;  Henry  Dyer, 
M.A.,  C.E. ;  Professor  William  Jack,  LL.D. ;  Principal  Andrew 
Jamieson,  F.RS.E. ;  Professor  James  Thomson,  LL.D.,  F.RS. ; 
William  Renny  Watson,  James  Wood,  M.A. 

Two  Sectional  Meetings  were  held  during  the  Session ;  one  on 
the  30th  of  November,  1886,  and  one  on  the  3rd  of  February, 

1887.  At  the   former  a  paper   by   Mr.  Peter  Alexander  on 
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Srd  November,  1886. 

The  Philosophical  Society  of  Glasgow  held  its  First  Meeting  for 
Session  1886-87  on  the  evening  of  3rd  November,  1886,  at  eight 
o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr. 
Henry  Muirhead,  President,  in  the  Chair. 

1.  The  Minutes  of  last  Meeting  of  the  Society  were  read,*  and 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  proposed  for  the  Membership  of  the 

Society : — 

Mr.  J.  H.  Fullarton,  M.A.,  B.Sc,  Natural  History  Department, 
University.  Recommended  by  Dr.  M'Kendrick,  Dr.  McGregor 
Robertson,  and  Mr.  J.  T.  Bottomley. 

Mr.  Alexander  Leitch,  Secretary  and  Manager,  60  Rosebank 
Terrace.  Recommended  by  Dr.  Andrew  Fergus,  Dr.  M'Kendrick, 
and  Dr.  McGregor  Robertson. 

Mr.  Charles  S.  Moir,  Calico  Printer,  92  Union  Street  Recom- 
mended by  Mr.  R.  M.  Downie,  Dr.  A.  Wallace,  and  Dr. 
M'Kendrick. 

Mr.  John  Watson,  Merchant,  205  West  George  Street.  Recom- 
mended   by   Mr.    Daniel    Munro,    Mr.   John    Mann,   and    Dr. 

M*Kendrick. 

Mr.  Charles  W.  Cayzer,  Steamship  Owner,  109  Hope  Street. 
Recommended  by  ISIr.  Maxwell  Hannay,  Mr.  John  Mann,  and 
Dr.  ISPKendrick. 

3.  Mr.  C.  M.  Aikman,  M.A.,  B.Sc.,  F.C.S.,  was  admitted  to  the 

Membership  of  the  Society. 

4.  Mr.  Henry  Dyer,  M.A.,  B.Sc,  C.E.,  read  a  paper  on  "The 
Development  of  the  Marine  Engine,"  for  which  he  received  a 
cordial  vote  of  thanks. 


12th  May ,  ISft^.    ^tt  ^  oV  ^Vll. ,  ^.  437. 
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5.  On  the  motion  of  Dr.  M*Kendrick,  Mr.  Robert  Gow  and  Mr. 
George  S.  Buchanan  were  appointed  Auditors  of  the  Treasurer's 
Accounts  for  the  past  year. 

6.  Dr.  Turner,  on  behalf  of  the  Scottish  Geographical  Society, 
presented  several  books  to  the  Society,  for  which  the  S.  G.  Society 
and  Dr.  Turner  were  awarded  a  vote  of  thanks. 

7.  The  President  announced  that  the  following  gentlemen  had 
been  duly  elected  Members  of  the  Society : — 

Mr.  Walter  Wilfrid  Blackie,  1  Belhaven  Terrace.  Becom- 
mended  by  Dr.  W.  G.  Blackie,  Dr.  M*Kendrick,  and  Dr.  M*Gregor 
Bobertson. 

Mr.  William  Buchanan,  Kegistrar,  10  Carrington  Street. 
Recommended  by  Mr.  A.  Scott,  Dr.  James  B.  Russell,  and  Mr. 
R.  F.  Muirhead. 

Mr.  Ventura  de  Callajon,  Spanish  Consul,  2  Carlton  Terrace, 
Kelvinside.  Recommended  by  Mr.  Jacques  van  Raalte,  Dr. 
M*Kendrick,  and  Dr.  M*Gregor  Robertson. 

Mr.  Stephen  Cooke,  85  Buccleuch  Street.  Recommended  by 
Principal  M'Call,  F.R.C.V.S.,  Mr.  John  Tatlock,  and  Dr.  William 
Limont. 

Mr.  Robert  Crawford,  Merchant,  84  Miller  Street.  Recom- 
mended by  Dr.  M^Kendrick,  Mr.  David  Sandeman,  and  Dr. 
McGregor  Robertson. 

Mr.  C.  D.  Gairdner,  C.A.,  115  St.  Vincent  Street.  Recom- 
mended by  Mr.  Charles  Ker,  Dr.  M*Kendrick,  and  Dr.  McGregor 
Robertson. 

Mr.  James  Murray  MacKinlay,  4  Westboume  Gardens.  Recom- 
mended by  Mr.  David  MacKinlay,  Mr.  Henry  Dyer,  and  Dr. 
M*Kendrick. 

Mr.  William  Smart,  M.A,  Lecturer  on  Political  Economy,  <kc., 
Nunholm,  Dowanhill.  Recommended  by  Mr.  Henry  Dyer,  M.A., 
Mr.  David  MacKinlay,  and  Dr.  M*Kendrick. 

Mr.  James  Thomson,  Architect,  F.R.I.B.A.,  88  Bath  Street. 

Recommended  by  Mr.  A.  Lindsay  Miller,  Mr.  T.  L.  Watson,  and 

Mr.  John  Mann. 

(Signed)         HENRY  MUIRHEAD. 

(MintUea  of  Session  continued  on  page  409.) 
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Dr. 

1886.— Nov.  1. 
To  Balance  in  Treasurer's  hands  at  end  of  last  Session,  . 

1886.— Oct.  31. 

To  Entry-money  from  47  New  Members,  at  21s., 

,,  Annual  Dues  from  2  Members 

for  1884-85,  at  2l8.,    .  .£220 

„  Annual  Dues  from  535  Ordinary 

Members  for  1885-86,  at  21s.,  561  15    0 

,,  Annual    Dues    from    44    New 

Members  for  1885-86,  at  21s.,      46    4    0 


ABSTRACT^  OP  TREASURER'S 

£4    6    2 
£49    7    0 


,,  Life  Subscription  from  3  New 

Members,  at  £10  lOs.,  .  £31  10    0 

„  Life   Subscription   from   3    Old 

Members,  at  £10  10s.,  .     31  10    0 


610     1     0 


63    0    0 


,,  Corporation  of  Glasgow,  Interest  on  **  Exhibition  Fund  " 
for  year  to  Whitsunday,  1886 — less  Income  Tax, 

„  Bank  Interest,        ...... 

,,  Proceedings  and  Catalogue*  sold,   .... 

„  Architectubal  Section— 
79  Associates'  fees,  at  5s., 

„  Geoobafhical  and  Ethnological  Section— 

5  Associates'  fees  for  1884-85,  at  5s.,     .        £15    0 
35         Do.,  for  1885-86,  at  5s.,        .  8  15    0 


,,  Mathematical  and  Physical  Section- 
10  Associates'  fees  for  1885-86,  at  5s., . 


£722    8 

0 

19  13 

2 

3    4 

2 

1  13 

6 

19  15 

0 

£783  10    0 


Memo  by  Treasurer,— The  Amount  invested  by  the  Society  in  the  Bath 
Street  Joint  BuUdings  up  to  3l8t  October,  1886,  is        .      £3,647    8     H 
whereof.  Paid  from  Society's  Funds,        £1,847    8    1^ 
Do.         Private  Loan,  .         200    0    0 

Do.        Society's     half     of 

£3,000  Bond,       .     1,500    0    0 

£3,547    8     li 


J.M. 
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ACCOUNT— SESSION  1885-86.  Or. 

1886.— Oct.  31. 

By  Salary  to  Secretary,  .  .    £75    0    0 

„  Allowance  for  Treasurer's  Clerks,    .  .       15    0    0 

,,  Demonstrations  at  Lectures,  .  1  16  10 


„  New    Books,     Periodicals,     and    Foreign 

Periodicals,  ....  £130    0  2^ 

.,  Bookbinding,  .  .  .       32  13  9 

„  Printing  Circulars,  Proceedingg^  &c.,  .     222  10  0 

„  Lithographs  and  Woodcuts  for -Proc€C(i»Mflr«,&c.,  41  11  6 
„  Postage  and  delivery  of  Circulars,  Letters, 

and  Parcels,  .  .  .  .      42    1  8 

,,  Stationery,  Diplomas,  &c.,  .  .  .850 

„  Illuminated  Address  to  M.  Chevreul,  8  12  6 


£485  14    7i 
Less — Contribution  to  Cost  of  Illustrations 

in  Vol.  XVII.  of  Proceedings, .        2    10 


„  Fire  Insurance  on  Library  for  £5,400,         .      £5  18    0 
„  Postages,  &c.— per  Treasurer,  £2  13s.  9d.; 

per  Secretary,  £6,  .         8  13    9 

,,  Frames,  Repairs,  &c.,  .  .         3  18    6 

,,  Interest  on  Loan  of  £200,    .  .746 


ff 


Subscriptions  to  SocurnEs — 


Ray  Society,  1886,  .  .  .£110 

Palseontographical  Society,  1886  110 


£91  16  10 


483  13    li 


25  14    9 


2    2    0 

,,    AUCHITECTURAL  SECTION— 

Expenses  per  Treasurer  of  Section,  .  16    8    6 

„  Mathematical  and  Physical  Section — 

Expenses  per  Treasurer  of  Section,       .  10    0 

„  Geographical  and  Ethnological  Section — 

Expenses  per  Treasurer  of  Section,  .  .  4    7    3 

,,  Sanitary  and  Social  Economy  Section — 

Expenses  per  Treasurer  of  Section,       .  0    3    6 

Joint  Expenses  of  Rooms— 

Society's  half  of  £337  17s.  7d.,  being  Interest  on  Bond, 
Insurance,  Taxes,  Cleaning,  Lighting,  and  Heating; 
Salaries  of  Sub-Librarian  and  Assistant — less  half  of 
£63  15s.  Revenue  from  Letting,         .  .         137     1    3^ 

,,  Balance  in  Treasurer's  hands,  .  21    2    3 


£783  10    0 


Glasgow,  10th  November,  18S6. — We,  the  Auditors  appointed  by  the 
Society  to  examine  the  Treasurer's  Accounts  for  the  year  1885-86,  have 
examined  the  same,  of  which  the  above  is  an  Abstract,  and  have  found  them 
correct,  the  Balance  due  by  the  Treasurer  at  3l8t  October  last  being 
Twenty-one  Pounds  Two  Shillings  and  Threepence. 

(Signed)        ROBERI^  GOW. 
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10th  November,  1886. 

The  Philosophical  Society  of  Glasgow  held  an  Extra  Meeting  in 
conjunction  with  the  Scottish  Geographical  Society,  in  the  Kooms 
of  the  Society,  207  Bath  Street,  on  the  evening  of  Wednesday,  the 
10th  of  November,  1886— Dr.  W.  G.  Blackie,  President  of  the 
Geographical  and  Ethnological  Section,  in  the  Chair. 

The  Rev.  James  Chalmers  of  New  Guinea  read  a  paper  on  "  The 
Manners  and  Customs  of  some  of  the  Tribes  of  New  Guinea,"  for 
which  he  received  a  cordial  vote  of  thanks,  on  the  motion  of  Sir 
Michael  Connal. 


Eeport  on  the  State  of  the  Society  by  the  Council 

FOB  Session  1885-86. 

I.  Meetinga.—^hA  Society  held  14  Meetings  daring  the  Session,  which 
was  opened  on  4th  November,  1885,  and  closed  on  12th  May,  1886.  At 
these  Meetings  42  papers  were  read,  30  of  which  appear  in  the  Proceedings. 
Two  Joint  Meetings  with  the  Scottish  Geographical  Society  were  also  held, 
at  which  3  papers  were  read,  one  of  which  appears  in  the  Proceedings. 

II.  Membership. — The  numher  of  Memhers  on  the  Roll  at  the  beginning 
of  Session  1885-86  was  669;  during  the  Session  47  new  Members  were 
elected,  making  716;  of  these  31  have  resigned,  14  have  died,  1  has  left 
Glasgow  and  his  name  has  been  placed  on  the  Suspense  List,  and  8  have 
been  struck  off  the  Roll  for  non-payment  of  annual  subscription ;  leaving  on 
the  Roll  at  the  beginning  of  the  present  Session  662  Members,  being  a 
decrease  of  7.  Of  the  47  new  Members,  3  became  Life  Members; 
and  3  Ordinary  Members  also  paid  the  composition  of  Life  Members 
during  the  Session.  Two  vacancies  exist  io  the  list  of  Honorary 
Members.  There  are  at  present  18  Honorary  Members,  of  whom  6  are 
Continental,  5  are  American  or  Colonial,  and  7  are  British.  The  number 
of  Corresponding  Members  is  11.  The  Membership  of  the  Society  then 
is  as  follows: — Honorary  Members,  18 ;  Corresponding  Members,  11 ; 
Ordinary  Members,  662 ;  or  a  total  of  691. 

III.  Sections. — (1)  During  the  Session  the  Architectural  Section  held  eight 
Meetings,  at  which  11  papers  were  read,  and  one  of  these,  the  President's 
address,  appears  in  the  Proceedings. 

(2)  The  Council  much  regret  that  the  Chemical  Section  has  practically 
been  in  abeyance  during  the  past  session,  and  they  earnestly  hope  that 
something  may  be  done  to  induce  the  Chemists  of  Glasgow,  as  in  former 
years,  to  send  some  of  their  contributions  to  the  Philosophical  Society. 
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(3)  The  Sanitary  and  Social  Economy  Section. — This  Section  contributed 
2  papers  to  the  General  Meetings  of  the  Society,  both  of  which  appear 
in  the  Proceedingi. 

(4)  The  Geographical  and  Ethnological  Section, — Daring  the  Session  this 
Section  contributed  5  papers  to  the  General  Meetings  of  the  Society, 
4  of  which  appear  in  the  Proceedings.  In  addition,  2  papers  were  read 
which  were  contributed  to  the  Scottish  Geographical  Society.  The  joint- 
arrangement  between  this  Society  and  the  Scottish  Geographical  Society, 
with  the  consent  of  the  Council  of  the  Institution  of  Engineers  and  Ship- 
builders, has  worked  admirably,  and  has  been  the  means  of  encouraging 
the  cultivation  of  Geographical  Science  in  Glasgow. 

(5)  Tlie  Biological  Section. — This  Section,  although  it  held  no  separate 
meetings,  sent  to  the  General  Meetings  of  the  Society  11  contributions,  8 
of  which  appear  in  the  Proceedings. 

(6)  The  Mathematical  and  Physical  Section. — ^This  Section  made  6 
contributions  to  the  General  Meetings,  1  of  which  appears  in  the  Proceed- 
ings.    No  sectional  meetings  were  held. 

Thus,  with  the  exception  of  the  Chemical  Section,  all  the  sections  have 
been  iu  active  operation,  and  have  done  good  service  in  sending  papers  to 
the  General  Meetings  of  the  Society.  No  doubt,  if  a  sufficient  number 
of  papers  were  offered,  it  would  be  highly  desirable  to  have  sectional 
meetings,  but  even  if  these  are  not  held,  the  sections  aid  the  society  by 
fostering  the  science  under  their  special  care. 

IV.  Proceedings. — The  volume  of  Proceedings  of  the  Society  for  1885-86, 
Vol.  XVII.,  contains  31  Papers,  is  illustrated  by  11  Plates,  1  coloured 
Map,  1  coloured  Diagram,  and  a  Photograph,  and  it  contains  valuable 
contributions  to  science.  There  can  be  no  doubt  that  the  publication  of 
such  papers,  although  they  may  be  of  a  technical  nature,  will  enhance 
the  reputation  of  the  Society  among  men  of  science  in  all  countries,  as  it 
will  show  that  the  Society  does  not  exist  merely  for  the  diffusion  of  general 
knowledge  among  its  members,  but  for  the  higher  function  of  fostering 
science  even  of  the  most  abstruse  and  technical  character.  The  more 
original  the  quality  of  the  papers  in  the  Proceedings  the  greater  will  be 
the  value  of  the  volume,  as  a  medium  of  exchange  with  other  societies,  and 
thus  year  by  year  a  great  collection  of  the  Proceedings  and  Transactions  of 
the  scientific  societies  of  the  world  will  be  built  up  in  Glasgow. 

V.  Finance. — The  Treasurer's  Statement  shows  that  the  Floating  Debt  of 
the  Society  remains  practically  the  same  as  last  year.  That  no  redaction 
was  made  is  to  be  attributed,  on  the  one  hand,  to  Life  Membership  sub- 
scriptions having  yielded  £42  less  than  last  year,  while,  on  the  other  hand, 
the  cost  of  Proceedings,  New  Books,  &c.,  is  £80  over  that  of  last  year. 

By  order  and  on  behalf  of  the  Council. 

(Signed)        JOHN  G.  M'KENDRICK, 

Secretary. 
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17th  November,  1886. 

The  Philosophical  Society  of  Glasgow  held  its  Eighty-fifth 
Annual  Meeting  on  the  evening  of  the  17th  November,  1886, 
at  eight  o'clock  p.m.,  in  the  Kooms  of  the  Society,  207  Bath 
Street — Dr.  Henry  Muirhead,  President,  in  the  Chair. 

1.  The  Minutes  of  last  Meeting  of  the  Society,  having  been 
printed  in  the  Notice  calling  the  Meeting,  were  held  as  read,  were 
approved  of,  and  were  signed  by  the  Chairman. 

2.  Mr.  Walter  Wilfrid  Blackie,  Mr.  William  Buchanan,  Mr. 
Ventura  de  Callajon,  Mr.  Stephen  Cooke,  Mr.  Kobert  Crawford, 
Mr.  C.  D.  Gairdner,  C.A.,  Mr.  James  Murray  MacK  inlay,  Mr. 
William  Smart,  M.A.,  and  Mr.  James  Thomson,  F.RI.B.A., 
were  admitted  to  the  Membership  of  the  Society. 

3.  The  following  were  proposed  for  the  Membership  of  the 

Society : — 

Mr.  Peter  Fyfe,  Sanitary  Inspector,  1  Montrose  Street.  Kecom- 
mended  by  Mr.  John  Young,  Mr.  John  Mann,  and  Mr.  A.  Lindsay 
Miller. 

Mr.  James  Erskine,  M.A.,  MB.,  6  Newton  Street,  Charing 
Cross.  Recommended  by  Dr.  Glaister,  Mr.  Alexander  Scott,  and 
Dr.  M'Kendrick. 

4.  The  Annual  Keport  by  the  Council  on  the  state  of  the 
Society,  having  been  printed  in  the  billet  calling  the  Meeting,  was 
held  as  read,  and  was  unanimously  adopted,  and  ordered  to  be 
printed  in  the  Proceedings, 

5.  The  audited  Statement  of  Accounts  for  Session  1885-86,  by 
Mr.  John  Mann,  Treasurer,  having  been  printed  in  the  billet 
calling  the  Meeting,  was  held  as  read,  was  approved  of,  and  was 
ordered  to  be  printed  in  the  Proceedings  for  future  reference. 
The  Treasurer  also  submitted  an  Inventory  of  the  Furniture,  <kc., 
of  the  Society,  which  was  ordered  to  be  printed  in  the  Proceedings 
for  future  reference. 

6.  Mr.  John  Robertson,  Librarian,  and  Convener  of  the 
Library  Committee,  read  the  Annual   Report  on  the  LibrarY 
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which  was  adopted,  and  ordered  to  be  printed  in  the  Proceedings, 
The  Report  was  as  follows : — 

Report  of  the  Library  Committbk. 

Durmg  the  past  year  there  has  been  a  considerable  increase  in  the  number 
of  volumes  added  to  the  Library,  but  the  number  of  readers  has  not  been 
so  great. 

There  were  issued  816  volumes  to  573  members.  At  present  94  dififerent 
periodicals  lie  on  the  tables.  Of  these  55  are  bought,  and  39  are  received 
in  exchange.     They  form  altogether  141  volumes  a-year. 

The  presentations  to  the  Society  during  the  year  included  47  volumes, 
4  parts,  and  45  pamphlets;  and  73  volumes  and  148  parts  have  been 
received  in  exchange  from  143  Societies  and  Public  Departments.  Sixty- 
five  volumes  have  been  bought. 

The  total  additions  to  the  Library  for  the  year  amount  to  326  volumes, 
152  parts,  and  45  pamphlets. 

Correspondence  has  been  opened  up  with  La  Soci^t^  Malacologique  de 
Belgique,  the  Editor  of  "  Lidastries,"  the  Liverpool  Naturalists'  Field 
Club,  the  French  Canadian  Institute,  the  Geographical  Society  of  Griefs^ 
wald,  Prussia;  the  National  Astronomical  Observatory  of  Mexico,  and 
Nederlandsch  Aardi*ijkundig  Genootschap. 

In  Volume  XVII .  of  the  Proceedings  will  be  found  a  list  of  the  additions  to 
the  Library  by  purchase  during  last  session,  the  titles  of  the  volumes  pre- 
sented,  with  the  names  of  the  donors,  the  names  of  the  Societies  and  Public 
Departments  with  which  exchanges  are  effected,  and  a  complete  list  of  the 
periodicals  received  by  the  Society. 

During  the  year  219  volumes  were  bound. 

The  estimated  number  of  volumes  in  the  Library  is  9,837.  The  book- 
cases are  completely  filled,  and  consideration  is  being  given  to  the  means 
of  finding  increased  accommodation. 

(Signed)        JOHN  ROBERTSON, 

Convener, 

Mr.  Robertson  also  submitted  the  following  list  of  Presenta- 
tions to  the  Library : — 

Annual  Report  of  Chief  Signal  Oflicer  to  Secretary  of  War,  2 
parts;  U.S.  Geological  Survey,  4th  Report  and  5th  Report; 
Brachiopoda  and  Lamellibranchiata  of  the  Clays  and  Greensand 
Marls  of  New  Jersey.     From  the  American  Government. 

Proceedings  and  Transactions,  Vol.  2.  From  the  Royal  Society 
of  Canada. 

Pouillet's  Elements  of  Physics,  2  vols. ;  Serret's  Differential  and 
Integral  Calculus,  2  vols.;  Boucharlat's  Elements  of  Mechanics* 
From  Dr.  Thomas  Reid. 
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Statistics  of  Glasgow,  1881-5.     From  the  City  ChamberlaiiL 

Several  Volumes  and  Pamphlets  bearing  on  Canada;  also  a 
large  Map  of  Canada.  From  Mr.  Thomas  Graham,  Agent  of  the 
Canadian  Government,  for  Scotland. 

A  Reprint  of  **  Hocus  Pocus,"  an  old  Glasgow  Book.  From 
Mr.  John  Anderison.  • 

Clinical  Manual  for  the  study  of  Medical  Classes.  From  Dr. 
Finlayson. 

Report  of  the  American  Association  for  the  Advancement  of 
Science,  Philadelphia  Meeting;  Handbook  of  Birmingham,  issued 
by  Local  Committee  of  British  Association  Meeting,  1886;  Vestiges 
of  the  Natural  History  of  Creation,  9th  edition,  1851.  From  Dr. 
Muirhead. 

Observations  of  the  International  Polar  Expedition.  From  the 
Meteorological  Office. 

7.  A  vote  of  thanks  was  unanimously  passed  to  the  Librarian 
and  Treasurer  for  their  services  during  the  past  year. 

8.  The  Society  then  proceeded  to  the  election  of  Office-bearers. 

(1.)  On  the  Recommendation  of  the  Council,  Dr.  Henry  Muirhead 
nominated,  as  his  successor  in  the  Presidential  Chair,  James 
B.  Russell,  B.  A.,  M.D.,  LL.D.,  Medical  Officer  of  Health  for  the 
City  of  Glasgow,  for  the  term  of  three  yeai*s.  The  motion  was 
carried  by  acclamation.  On  taking  the  Chair,  the  new  President 
thanked  the  Society  for  the  honour  conferred  upon  him ;  and,  on 
the  motion  of  Dr.  James  Morton,  a  very  cordial  vote  of  thanks 
was  awarded  to  the  retiring  President,  who  becomes  an  Honorary 
Vice-President. 

(2.)  Mr.  J.  J.  Coleman,  F.C.S.,  F.I.C.,  F.R.S.E.,  recommended  by 
the  Council,  and  on  the  motion  of  Mr.  Alexander  Scorr,  was 
elected  a  Vice-President  in  room  of  that  gentleman,  whose  term 
of  office  had  expired. 

(3.)  Messrs.  John  Robertson  and  John  Mann  were  re-elected  to  their 
respective  offices  of  Librarian  and  Treasurer. 

(4.)  The  President,  on  behalf  of  the  Council,  nominated  Mr.  James 
Paton,  F.L.S.,  as  the  Secretary,  in  succession  to  Dr.  M'Kendrick, 
who  wished  to  retire.  Mr.  Munsie  seconded  the  nomination. 
Mr.  David  Rowan  proposed  Mr.  John  Mayer  for  the  vacant 
office,  and  the  motion  was  seconded  by  Mr.  John  Turnbull, 
jun.     The  members  then  balloted  for  the  two  Candidates — Messrs. 
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Dyer  and  Munsie  (for  Mr.  Paton),  and  Messrs.  Rowan  and  Tambull 
(for  Mr.  Mayer),  being  appointed  scrutineers.  Subsequently,  Mr. 
Rowan  reported  on  behalf  of  the  scrutineers  that  the  votes  were — 
Mr.  Paton,  76;  Mr.  Mayer,  78;  with  four  blank  papers.  On 
the  result  of  the  voting  being  announced,  Dr.  M'Gregor 
liobertson  asked  that  the  President  should  put  Mr.  Mayer's 
appointmeut  as  a  substantive  motion  to  the  meeting,  as  he 
was  prepared  with  an  amendment.  This  proposal  gave  rise  to 
a  discussion,  in  which  the  speakers  were  Mr.  Scott,  Mr.  Paton, 
Dr.  M*Kendrick,  Mr.  Robert  Crawford,  Mr.  James  Thomson,  and 
Mr.  William  Fife.  The  President  interposed  by  announciog  that 
the  vote  had  been  taken  in  accordance  with  the  rules  and  the 
practice  of  the  Society,  that  it  was  in  favour  of  Mr.  Mayer,  and 
that  it  was  final.  Mr.  Mayer  at  once  entered  upon  the  duties  of 
the  office,  and  on  the  motion  of  Sir  William  Thomson,  a  most 
enthusiastic  vote  of  thanks  was  passed  to  Dr.  M'Kendrick  for  the 
able  manner  in  which  he  had  discharged  the  duties  of  the  Secre- 
taryship during  the  past  six  years. 

(5. )  While  the  scrutiny  of  the  votes  was  proceeding,  the  Society  filled 
four  vacancies  in  the  Council,  caused  by  the  retiral  by  rota- 
tion of  Sir  Michael  Connal,  Mr.  Archibald  Robertson,  Professor 
Blyth,  and  Pnncipal  Jamieson.  The  new  Members  elected  were 
Professor  M'Kendrick,  M.D.,  Mr.  Henbt  Dteb,  M.A.,  C.E., 
Mr.  WiLLLVM  Milne,  M.A.,  B.Sc,  and  Dr.  Georoe  A.  Turner. 

(6.)  Various  Office-bearers  of  the  Geographical  and  Ethnological 
Section  were  appointed  according  to  Resolution  of  Society  of  1 1th 
April,  1883,  and  of  the  Chemical,  Biological,  Sanitary  and  Social 
Economy,  and  Mathematical  and  Physical  Sections,  in  accord- 
ance with  Resolution  of  Society  of  i8th  November,  18S5. 

9.  On  the  motion  of  Dr.  M*Kendrick,  it  was  resolved  to  appoint 
Mr.  Arcliibald  Robertson  to  serve  as  a  Member  of  the  House 
Committee. 

10.  Mr.  Adolf  Schulze  afterwards  read  a  paper  on  "  Dr.  R 
Abbe's  New  Apochromatic  Lenses  and  Compensating  Eye-pieces," 
which  B.VQ  made  in  the  optical  works  of  Dr.  Carl  Zeiss,  of  Jena. 
At  the  close  of  the  paper  a  question  was  asked  of  Mr.  Schulze 
by  Mr.  P.  Falconer,  and  some  remarks  were  made  on  the  subject 
of  the  paper  by  Dr.  M*Kendrick  and  Dr.  Joseph  Coats;  and  on 
the  motion  of  the  President  a  vote  of  thanks  was  awarded  to  the 
author  of  the  paper. 

11.  Dr.  M'Kendrick  exhibited,  and  briefly  described,  a  new 
Rocking  Microtome  (for  cutting  microscopical  sections  in  a  con- 
tinuous   ribbon),    and    other    specimens    of    new    pbjsiological 
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apparatus.      He  received  the  thanks  of  the  Society  for  his  in- 
teresting communication. 

12.  The  following  gentlemen  were  declared  to  be  duly  elected 
into  the  Society: — Mr.  J.  H.  Fullarton,  M.A.,  B.Sc,  Natural 
History  Department,  University;  Mr.  Alexander  Leitch,  Secre- 
tary and  Manager,  60  Rosebank  Terrace;  Mr.  Charles  S.  Moir, 
Calico  Printer,  92  Union  Street;  Mr.  John  Watson,  Merchant, 
205  West  George  Street;  Mr.  Charles  W.  Cayzer,  Steamship 
Owner,  109  Hope  Street. 

(Signed)        HENRY  MUIRHEAD. 


1st  December,  1886. 

The  Philosophical  Society  of  Glasgow  held  its  Second  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  1st 
December,  1886,  at  eight  o'clock,  in  the  Rooms  of  the  Society, 
207  Bath  Street — Dr.  James  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
with  the  exception  of  paragraph  4  under  the  head  of  "  Election  of 
Office-Bearers."  The  amended  entries  in  the  Minute-Book  having 
been  read  by  the  Secretary,  the  whole  were  approved  of  by  the 
Meeting,  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  to  the  Membership  of  the 
Society: — Mr.  J.  H.  Fullarton,  M.A.,  B.Sc;  Mr.  Alexander 
Leitch;  Mr.  Charles  S.  Moir;  Mr.  John  Watson;  and  Mr.  Charles 
W.  Cayzer. 

3.  The  following  were  proposed  for  election  into  the  Society : — 

Mr.  William  Stevenson  Brown,  Iron  Tube  Manufacturer,  41 
Oswald  Street.  Recommended  by  Mr.  William  Foulis,  Mr. 
Thomas  Menzies,  and  Mr.  John  Mayer. 

Mr.  Francis  H.  Underwood,  U.S.  Consul,  107  West  Regent 
Street.  Recommended  by  Dr.  James  B.  Russell,  Dr.  Henry 
Muirhead,  and  Mr.  John  Mayer. 

Mr.  Thomas  Machell,  Pianoforte  and  Music  Seller,  39  Great 
Western  Road.  Recommended  by  Dr.  James  B.  Russell,  Dr. 
James  Christie,  and  Mr.  John  Mayer. 
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Mr.  Thomas  Downie,  Hydepark  Foundry,  Finnieston  Street. 
Becommended  by  Mr.  Alexander  Wilson,  Mr.  Henry  Dyer,  and 
Mr.  John  Mayer. 

Mr.  Alexander  George  Moore,  M.  A,  B.Sc,  Civil  and  Mining 
Engineer,  13  Clairraont  Gardens.  Recommended  by  Mr.  James 
M*Creath,  Dr.  J.  B.  Russell,  and  Mr.  John  Mayer. 

4.  On  behalf  of  Mr.  William  Smart,  M.  A,  who  was  unavoidably 
absent,  Mr.  Dyer  gave  notice  of  motion  to  the  following  effect: — 
"  That  steps  be  taken  to  form  an  Economical  Section." 

5.  The  President  announced  that  the  Council  had  favourably 
considered  a  suggestion  to  have  a  General  Index  to  the  Proceedings 
compiled,  and  hoped  that  one  or  more  members  of  the  Society 
having  the  requisite  leisure  might  volunteer  their  services.  He 
also  made  the  following  announcement  on  behalf  of  the  President 
and  Council  of  the  Chemical  Section : — "  The  Graham  Medal  for 
the  best  Original  Investigation  in  Chemical  Physics  or  Pure  or 
Applied  Chemistry  will  be  awarded  for  the  best  Paper  read  to  the 
Society  during  the  three  Sessions  ending  April,  1887.  Papers 
should  be  communicated  as  early  as  possible  in  the  Session  to  the 
Secretary." 

6.  Mr.  William  Key,  Manager,  Corporation  Gas-works,  Tradeston, 
read  a  paper  on  "  The  Coal  Question  and  its  Bearing  on  the  Illumi- 
nating Power  of  Gas."  A  discussion  followed,  in  which  Dr. 
William  Wallace,  Mr.  J.  J.  Coleman,  and  Councillor  Crawford 
took  part.     Mr.  Key  was  awarded  a  vote  of  thanks  for  his  paper. 

7.  The  following  gentlemen  were  declared  to  be  duly  elected 
Members  of  the  Society: — Dr.  James  Erskine,  M.A.,  6  Newton 
Place;  Mr.  Peter  Fyfe,  Sanitary  Inspector,  1  Montrose  Street; 
Mr.  R.  W.  Emerson  Maclvor,  F.I.C.,  F.C.S.,  67  Great  Clyde 
Street;  Mr.  John  Lochore,  Head  Master,  Fairfield  Public  School, 
Go  van;  Mr.  Robert  Bryce,  Plumber,  82  Oswald  Street;  Mr.  T. 
A.  Craig,  C.A.,  139  St.  Vincent  Street;  Mr.  Azariah  Griffiths, 
Coalmaster  and  Firebrick  Manufacturer,  Falkirk;  Mr.  James 
Wood,  Coalmaster,  40  St.  Enoch  Square. 

8.  Before  the  Meeting  separated,  Mr.  Mayer  thanked  the 
Society  for  having  at  the  Annual  Meeting  elected  him  to  the 
highly  honourable  office  of  Secretary  to  the  Society,  in  succession 
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to  Dr.  M'Kendrick — a  duty  which  he  had  not  previously  had  the 
opportunity  of  discharging. 

(Signed)        HENRY  MUIRHEAD. 


15th  December,  1886. 

The  Philosophical  Society  of  Glasgow  held  its  Third  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  15th 
December,  1886,  at  eight  o'clock,  in  the  Rooms  of  the  Society, 
207  Bath  Street — Dr.  James  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  to  the  membership  of  the 
Society: — Dr.  James  Erskine,  M.A.,  Mr.  Peter  Fyfe,  Mr.  R.  W. 
Emerson  Maclvor,  Mr.  John  Lochore,  Mr.  Robert  Bryce,  Mr. 
T.  A.  Craig,  Mr.  Azariah  Griffiths,  and  Mr.  James  Wood. 

3.  The  following  Candidates  were  proposed  for  election  into  the 
Society: — 

Mr.  Walter  MacLean,  Lithographer,  2  Bothwell  Circus.  Re- 
commended by  Mr.  John  Mann,  Dr.  James  Morton,  and  Dr.  John 
G.  M'Kendrick. 

Mr.  James  Russell  Motion,  Acting  Inspector  of  Poor,  Barony 
Parish.  Recommended  by  Messrs.  Jas.  Pamie,  John  Mayer,  and 
John  Mann. 

4.  Dr.  Henry  Muirhead  read  his  "  Report  from  the  Conference 
of  Delegates  of  Corresponding  Societies  in  connection  with  the 
British  Association.  Birmingham  Meeting,  September,  1886.'' 
On  the  motion  of  the  President,  the  report  was  received,  and  Dr. 
Muirhead  was  awarded  the  thanks  of  the  Society. 

5.  On  behalf  of  Mr.  David  Sandeman,  who  was  unable  to 
attend.  Dr.  J.  McGregor  Robertson  read  a  paper  on  "Recent 
Progress  in  Technical  Education,  with  special  reference  to  the 
Glasgow  Weaving  School."  Several  members  spoke  on  the  subject 
of  the  paper,  and  the  thanks  of  the  Society  were  awarded  to  the 
author. 

Vol.  XVm.  2  n 


418  Philosophical  Society  of  Glasgow, 

6.  Mr.  William  Milne,  M.A.,  B.Sc.,  submitted  a  Paper,  entiUod, 
*'  On  a  New  Tentaculiferous  Frotozoon  and  other  Infusoria,  with 
Notes  on  Reproduction  and  the  Function  of  the  Contractile 
Vesicle/'  A  short  discussion  took  place  upon  it,  and  Mr.  Milne 
received  the  thanks  of  the  Society  for  his  paper. 

7.  Mr.  R.  F.  MuiRHEAD  gave  an  experimental  demonstration 
in  illustration  of  Professor  Osborne  Reynolds'  researches  on 
"  Dilatancy,''  and  was  awarded  a  vote  of  thanks. 

8.  The  following  gentlemen  were  declared  to  be  duly  elected  to 
the  Membership  of  the  Society: — Mr.  Wm.  Stevenson  Brown, 
Iron  Tube  Manufacturer,  41  Oswald  Street;  Mr.  Francis  H. 
Underwood,  U.S.  Consul,  107  West  Regent  Street;  Mr.  Thomas 
Machell,  Pianoforte  and  Music  Seller,  39  Great  Western  Rocui; 
Mr.  Thomas  Downie,  Hydepark  Foundry,  Finnieston  Street;  Mr. 
Alex.  George  Moore,  M.A.,  B.Sc.,  Civil  and  Mining  Engineer, 
13  Clairmont  Gardens. 

9.  The  President  announced  that,  in  consequence  of  the  holi- 
days, the  next  Meeting  of  the  Society  would  be  held  on  Wednesday, 
5th  January,  1887. 

(Signed)        JAMES  B.  RUSSELL. 


5th  January,  1887, 

The  Philosophical  Society  of  Glasgow  held  its  Fourth  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  5th 
Januaiy,  1887,  at  eight  o'clock,  in  the  Rooms  of  the  Society,  207 
Bath  Street — Dr.  James  B.  Russell,  President,  in  the  Chair. 

1 .  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  to  the  Membership  of  the 
Society: — Mr.  William  Stevenson  Brown,  Mr.  Francis  H. 
Underwood,  Mr.  Thomas  Machell,  Mr.  Thomas  Downie,  and 
Mr.  Alexander  George  Moore,  M.A.,  B.Sc. 
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3.  The  following  Candidates  were  proposed  for  election  into  the 
Society : — 

Mr.  D.  J.  F.  Andrews,  Electrical  Engineer,  Woodside  Electric 
Works,  Glasgow.  Recommended  by  Sir  William  Thomson,  Dr. 
James  £.  Russell,  and  Mr.  John  Mayer. 

Mr.  Alexander  Brown,  Lead  Merchant,  190  Bath  Street. 
Recommended  by  Mr.  Daniel  Monro,  Mr.  John  Mann,  and 
Dr.  James  Morton. 

4.  At  the  request  of  the  President,  the  Society  agreed  to  the 
suspension  of  the  Standing  Orders,  so  that  the  motion  standing 
opposite  the  name  of  Mr.  William  Smart,  M.A.,  might  be  sub- 
mitted to  the  Meeting  at  this  stage  of  the  proceedings,  as  that 
gentleman  attended  under  personal  inconvenience  and  anxiety. 
In  a  few  words,  Mr.  Smart  submitted  his  motion,  which  was  as 
follows: — "  That  steps  be  taken  to  form  an  Economical  Section." 
The  motion  was  seconded  by  Mr.  Alexander  Whitelaw,  and 
unanimously  adopted.  Messrs.  Smart,  Dyer,  and  Whitelaw  were 
appointed  a  committee  to  make  the  necessary  arrangements  for 
the  formation  of  the  Section. 

5.  The  President  announced  that  the  Constitution  creating  the 
Glasgow  and  West  of  Scotland  Technical  College  provided  for  one 
of  the  Governors  of  that  Institution  being  appointed  by  the 
Council  of  the  Philosophical  Society.  At  their  Meeting  that 
evening  the  Council  had  unanimously  elected  Mr.  J.  J.  Coleman, 
Vice-President  of  the  Society,  to  serve  in  that  capacity.  He  had 
no  doubt  that  the  Society  would  approve  of  the  choice  made  by 
the  Council,  which  was  agreed  to. 

6.  Mr.  A.  B.  Kelly,  Science  Student,  University  of  Glasgow, 
gave  a  short  account  of  the  *'New  Method  of  Embedding  and 
Cutting  Microscopical  Sections  in  Paraffin. "  A  discussion  followed, 
in  the  course  of  which  some  interesting  remarks  were  made  by 
Dr.  M'Kendrick,  Mr.  Fullarton,  and  Dr.  Morton;  and  the  thanks 
of  the  Meeting  were  awarded  to  Mr.  Kelly  for  his  communication* 

7.  Mr.  George  C.  Thomson,  F.C.S.,  then  submitted  "Notes  on 
the  Bursting  of  Leaden  Water-service  Pipes  by  Water  Pressure 
and  Frost"  The  paper  was  illustrated  by  numerous  specimens 
of  burst  pipes.     A  short  discussion  ensued,  Mr.  W.  P.  Buchan 
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being  the  principal  speaker.     Mr.  Thomson  was  awarded  a  hearty 
vote  of  thanks  for  his  paper. 

8.  The  Secretary  subsequently  exhibited  in  action  and  briefly 
described  the  "  Foulis ''  Gas-Fire,  which  he  spoke  of  as  being  a 
new  departure  in  using  gaseous  fuel  for  domestic  purposes.  At 
the  close  of  the  paper,  Dr.  Greorge  Turner  and  Mr.  Buchan  spoke 
in  very  high  terms  of  the  value  of  the  invention.  After  the 
awarding  of  the  thanks  of  the  Society  to  the  author  of  the  paper, 
many  of  the  Members  made  a  minute  examination  of  the  Gas-Fire 
exhibited. 

9.  The  following  gentlemen  were  declared  to  be  duly  elected  to 
the  Membership  of  the  Society: — Mr.  Walter  MacLean,  Litho- 
grapher, 2  Both  well  Circus;  Mr.  James  Russell  Motion,  Acting 
Inspector  of  Poor,  Barony  Parish. 

(Signed)        JAMES  B.  RUSSELL. 


19th  January,  1887, 


The  Philosophical  Society  of  Glasgow  held  its  Fifth  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  19th 
January,  1887,  at  eight  o'clock,  in  the  Rooms  of  the  Society,  207 
Bath  Street — Dr.  James  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  tlie  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  to  the  Membership  of  the 
Society  : — Mr.  Walter  MacLean,  and  Mr.  James  Russell  Motion. 

3.  Tlie  following  Candidates  were  proposed  for  Election  into 
the  Society  : — 

Mr.  Adam  Ker,  Merchant,  175  Trongate.  Recommended  by  Mr. 
James  Thomson,  Dr.  Andrew  Fergus,  and  Mr.  John  Robertson. 

Mr.  Andrew  Stewart,  Tube  Manufacturer,  Jordanhill  Housa 
Recommended  by  Dr.  J.  B.  Russell,  Mr.  J.  J.  Coleman,  and  Mr. 
William  Foulis. 


Minutes  of  Session.  421 

Mr.  James  Stewart,  Tube  Manufacturer,  41  Oswald  Street. 
Hecommended  by  Dr.  J.  B.  Russell,  Mr.  J.  J.  Coleman,  and  Mr. 
William  Foulis. 

Mr.  James  Muir,  C.A.,  149  West  George  Street.  Recom- 
mended by  Mr.  William  Smart,  Dr.  W.  G.  Blackie,  and  Dr. 
McGregor  Robertson. 

Mr.  James  Muirhead,  Writer,  5  Eton  Terrace,  Hillhead.  Re- 
commended by  Dr.  W.  G.  Blackie,  Mr.  Walter  W.  Blackie,  and 
Dr.  McGregor  Robertson. 

Mr.  George  Handasyde  Dick,  Merchant,  136  Buchanan  Street. 
Recommended  by  Mr.  William  Smart,  Dr.  W.  G.  Blackie,  and 
Dr.  M*Gregor  Robertson. 

Mr.  Hugh  Brown,  Manufacturer,  5  St.  John's  Terrace,  Hillhead. 
Recommended  by  Dr.  J.  B.  Russell,  Mr.  Robert  Gow,  and  Mr. 
Peter  Fyfa 

Mr.  Alexander  Cross,  Merchant,  19  Hope  Street.  Recom- 
mended by  Mr.  William  Smart,  Mr.  Henry  Dyer,  and  Mr.  Wm. 
Ewing. 

4.  Dr.  Neil  Carmichael  read  a  paper  on  **  An  Experimental 
Research  on  the  Artificial  Cultivation  of  Vaccine  Lymph,  with 
Observations  on  the  Nature  of  Vaccination,  and  the  Immunity 
produced  by  Vaccinia."  A  discussion  followed,  in  which  the 
speakers  were  the  President,  Dr.  John  Dougall,  Dr.  Joseph  Coats, 
and  Dr.  John  Glaister.  On  the  motion  of  the  President,  a  very 
cordial  vote  of  thanks  was  passed  to  the  author  of  the  paper. 

5.  Mr.  William  Smart,  M.A.,  submitted  an  Interim  Report 
regarding  the  proposed  Economical  Section,  and  after  some  con- 
versation on  the  subject  he  agreed,  on  the  suggestion  of  the 
President,  to  convene  a  meeting  of  persons  favourable  to  the 
formation  of  the  Section,  for  the  framing  of  a  Constitution, 
appointment  of  Office-Bearers,  etc. 

6.  The  following  gentlemen  were  declared  to  be  duly  elected 
to  the  Membership  of  the  Society : — Mr.  D.  J.  F.  Andrews, 
Electrical  Engineer,  Woodside  Electric  Works,  Glasgow;  Mr. 
Alexander  Brown,  Lead  Merchant,  190  Bath  Street. 

(Signed)        JAMES  B.  RUSSELL. 
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The  Philosophical  Society  of  Glasgow  held  an  Extra  Meeting  in 
conjunction  with  the  Scottish  Geographical  Society,  in  the  Rooms 
of  the  Society,  207  Bath  Street,  on  the  evening  of  Wednesday, 
26th  January,  1887— Mr.  W.  Renny  Watson  in  the  Chair. 

Sir  Francis  de  Winton,  Ex-Administrator-General  of  the  Congo 
Free  State,  read  a  paper  on  *.*  The  Congo  :  its  Past  and  Present," 
for  which  he  received  a  cordial  vote  of  thanks,  on  the  motion  of 
Dr,  Thomas  Muir. 


2nd  February y  1887. 

The  Philosophical  Society  of  Glasgow  held  its  Sixth  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  2nd 
February,  1887,  at  eight  o'clock,  in  the  Rooms  of  the  Society,  207 
Bath  Street — Dr.  James  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  to  the  Membership  of  the 
Society : — Mr.  D.  J.  F.  Andrews,  and  Mr.  Alexander  Brown, 

3.  Mr.  William  Martin  read  a  paper  on  "  Geographical  Alto- 
Relievo  Models :  their  place  in  Education,"  which  was  veiy  fully 
illustrated  by  examples.  Dr.  Thomas  Muir  spoke  in  high  terms 
of  the  paper,  and  of  the  excellent  work  which  Mr.  Martin  had 
done  in  furthenng  education  in  geography.  The  author  was 
awarded  the  best  thanks  of  the  Society  for  his  communication. 

4.  Mr.  Arthur  Kay  read  a  paper  entitled  "The  Aboriginal 
Australian,  as  he  was,"  for  which  he  was  cordially  thanked  by  the 
Society.  A  short  discussion  followed,  in  which  Dr.  Glaister  and 
Dr.  George  A.  Turner  teok  part. 

5.  Mr.  William  Smart,  M.A.,  reported  that,  in  terms  of  the 
suggestion  made  by  the  President  at  the  preceding  Meeting  of  the 
Society,  a  meeting  had  been  held  of  persons  favourable  to  the 
formation  of  an  Economic  Science  Section ;  and  he  submitted  the 
following  report  of  the  proceedings  of  that  meeting : — 

A  Meeting  of  members  of  the  Philosophical  Society  interested  in  the 
proposed  Economic  Science  Section,  and  of  gentlemen  desiring  to  become 
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AsBOciates  of  the  Section,  was  held  in  the  Societ3r'8  Rooms,  on  the  evening 
of  Monday,  Slst  January,  1887,  at  seven  o'clock. 

Mr.  Wm.  Smart,  M.A.,  in  the  Chaii*. 

The  form  of  the  Constitution  of  the  Section  was  uuder  consideration,  and 
the  following— based  on  the  Constitution  of  the  Mathematical  and  Physical 
Section — was  drafted  and  agreed  upon,  subject  to  the  approval  of  the 
Society : — 

(1)  The  Section  shall  be  called  the  Economic  Science  Section. 

(2)  The  object  of  the    Section  shall  be  to  aid  in  the  advancement  of 

Economic  Science,  by  affording  opportunities  for  the  discussion  of 
subjects  related  thereto,  to  be  introduced  by  the  reading  of  papers 
or  by  verbal  conmiunications.  The  general  aim  shall  be  to  have 
the  papers  read  before  the  Society,  but  the  Section  may  have 
separate  meetings  for  that  purpose  when,  in  the  opinion  of  the 
Council  of  the  Section,  it  b  deemed  desirable. 

(3)  The  Section  shall  consist  of  Members  of  the  Philosophical  Society, 

who  are  to  be  admitted  free  to  its  meetings,  and  of  Associates  who 
are  not  Members  of  the  Philosophical  Society,  who  shall  be  admitted 
to  the  Section  on  payment  of  an  Annual  Subscription  of  Five 
Shillings.  Associates  to  have  the  privilege  of  attending  not  only 
the  Section's  meetings,  but  also  those  meetings  of  the  Society  at 
which  the  Section's  papers  are  read  or  discussed,  and  also  of  con- 
sulting the  books  in  the  Library. 

(4)  The  management  of  the  Section  shall  devolve  upon  a  Council,  con- 

sisting of  a  President,  two  Vice-Presidents,  a  Secretary  (who  shall 
act  as  Treasurer),  and  nine  other  Members. 

(5)  The  Secretary  shall  be  elected  annually,  but  the  term  of  office  of  the 

other  Members  of  Council  shall  be  three  years.     Four  Members  of 

Council  shall  retire  annually  in  rotation.     Retiring  Members  shall 

be  eligible  for  re-election.     Three  shall  be  a  quorum. 

(In  the  first  and  second  years  of  the  Section's  existence  Members  of  Council  shall 

decide  by  ballot  which  foar  shall  retire.) 

(6)  The  Office-Bearers  of  the  Section  shall  be  elected  by  the  Society  at 

its  Annual  Business  Meeting. 

(7)  Vacancies  occurring  during  the  currency  of  a  year  may  be  filled  up,  ad 

interim,  by  the  Council  of  the  Section,  if  they  deem  it  expedient. 

(8)  The  Council  of  the  Section  shall  report  annually  to  the  Society. 

(9)  No  paper  shall  be  read  which  has  not  been  approved  by  the  Council 

of  the  Section;  and  copies  of  the  papers  read  shall  be  given  into 
the  charge  of  the  Secretary  of  the  Society  or  the  Secretary  of  the 
Section,  as  the  case  may  be. 

(10)  Associates  shall  be  elected  by  the  Council  of  the  Section  at  any  of 
its  meetings.  Each  Candidate  shall  be  recommended  by  two  Mem- 
bers or  Associates.     The  vote  shall  be  by  ballot,  a  majority  deciding. 
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(11)  The  Assodaies'  Annual  Sabsoription  shall  become  due  on  the  First 
day  of  November  in  each  year. 

(12)  No  alteration  shall  be  made  upon  the  foregoing  without  the  consent 
of  the  Society  at  two  successiye  ordinary  meetings. 

The  following  were  recommended   as  the  first  Office-bearers  of   the 
Section : — 

President, 

Mr.  Chables  Gairdnbb. 

Vice-Presidents, 
Mr.  Wm.  Smabt,  M.A.         |         Mr.  Alexander  Cboss. 


Council. 


Mr.  Stephen  Mason,  M.P. 
Mr.  Wm.  Ewing. 
Mr.  Jas.  Muir,  C.A. 


Mr.  Geo.  Handastde  Dick. 
Mr.  CuAS.  Ker,  M.A.,  C.A. 
Mr.  Jno.  Mann,  jun.,  M.A.,  C.A. 


Secretary  and  Treasurer, 
Mr.  Walter  W.  Blackie,  B.Sc. 

It  was  stated  by  Mr.  Smart  that  the  Meeting  had  deemed  it 
advisable  to  leave  three  vacancies  in  the  nominations  for  the 
Council,  which  would  be  filled  up  as  early  as  possible  by  the 
election  of  Associates. 

After  some  conversation,  it  was  agreed,  on  the  motion  of 
Mr.  Smart,  seconded  by  Dr.  Turner,  to  approve  of  the  Constitution 
as  submitted;  and  the  recommendation  as  to  Office-bearers  was 
agreed  to,  on  the  motion  of  Dr.  Turner,  seconded  by  Dr.  Glaister. 

6.  The  President  announced  that  the  following  gentlemen  had 
been  duly  elected  Members  of  the  Society: — Mr.  Adam  Ker, 
Merchant,  175  Trongate;  Mr.  Andrew  Stewart,  Tube  Manufac- 
turer, Jordanhill  House;  Mr.  James  Stewart,  Tube  Manufacturer, 
41  Oswald  Street;  Mr.  James  Muir,  C.A.,  149  West  George 
Street;  Mr.  James  Muirhead,  Writer,  5  Eton  Terrace,  Hillbead; 
Mr.  George  Handasyde  Dick,  Merchant,  136  Buchanan  Street; 
Mr.  Hugh  Brown,  Manufacturer,  5  St.  John's  Terrace,  Hillhead; 
Mr.  Alexander  Cross,  Merchant,  19  Hope  Street. 

(Signed)        HENRY  MUIRHEAD. 
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16th  February,  1887. 

The  Philosophical  Society  of  Glasgow  held  its  Seventh  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  16th 
February,  1887,  at  eight  o'clock,  in  the  Rooms  of  the  Society, 
207  Bath  Street — Dr.  Henry  Muirhead,  Past-President,  in  the 
Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  to  the  Membership  of  the 
Society: — Mr.  Adam  Ker,  Mr.  Andrew  Stewart,  Mr.  James 
Stewart,  Mr.  James  Muir,  Mr.  James  Muirhead,  Mr.  George 
Handasyde  Dick,  Mr.  Hugh  Brown,  and  Mr.  Alexander  Cross. 

3.  Mr.  J.  J.  Coleman,  F.R.S.E.,  F.C.S.,  Vice-President  of  the 
Society,  gave  ^'  An  Account  of  the  Results  of  some  Recent  Ex- 
periments in  Liquid  Diffusion,"  and  exhibited  and  described  the 
new  apparatus  used  in  the  same.  An  interesting  discussion 
followed,  and  Mr.  Coleman  was  awarded  the  thanks  of  the  Society 
for  his  communication. 

4.  Dr.  H.  R.  Mill,  F.R.S.E.,  F.C.S.,  of  the  Scottish  Marine 
Station  for  Scientific  Research,  read  a  paper  on  "The  Physical 
Conditions  of  the  Water  in  the  Clyde  Sea-Area."  In  the  discussion 
which  followed.  Dr.  John  Murray  (Edinburgh),  and  Mr.  John 
Henderson,  jun.,  Shipbuilder,  took  part.  Dr.  Mill  was  awarded 
the  thanks  of  the  Society  for  his  paper;  and  on  the  motion  of 
Mr.  Coleman  (who  had  taken  the  Chair),  Dr.  Murray  was  heartily 
thanked  for  his  attendance,  and  for  his  interesting  remarks  supple- 
mentary to  the  paper  read  by  Dr.  Mill. 

5.  The  Chairman  announced  that  arrangements  had  been  made 
for  the  delivery  of  the  Triennial  "  Graham"  Lecture,  in  connection 
with  the  Society,  07i  the  Evening  of  Wednesday,  16th  March,  by 
Professor  T.  R  Thorpe,  F.RS.,  a  former  member  of  the  Society, 
and  now  of  London. 

(Signed)        HENRY  MUIRHEAD. 
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2nd  March,  1887, 

The  Philosophical  Society  of  Glasgow  held  its  Eighth  Ordinary 
General  Meeting  for  Session  1886-87  on  the  Evening  of  the  2nd 
March,  1887,  at  eight  o'clock,  in  the  Rooms  of  the  Society,  207 
Bath  Street — Dr.  Heury  Mnirhead,  Past-President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as 
read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  Mr.  Charles  Gairdner  delivered  his  Inaugural  Address  as 
President  of  the  Economic  Science  Section — Subject:  "  An  Ex- 
amination of  the  Depression  of  Trade  Commissioners'  Report.'' 
At  the  close,  on  the  motion  of  the  Chairman,  seconded  by  Mr.  N. 
Dunlop,  the  best  thanks  of  the  Society  were  awarded  to  Mr. 
Gairdner. 

3.  Mr.  John  Anderson  read  a  short  paper  on  '^  The  Introduc- 
tion of  Sea  Water  into  Glasgow,"  which  was  illustrated  by  large 
diagi-am&  A  discussion  followed,  the  speakers  being  Mr.  W.  R.  W. 
Smith,  ex-Bailie  Bertram,  and  Mr.  D.  M.  Nelson;  and  Mr. 
Anderson  received  the  thanks  of  the  Society  for  his  paper. 

(Signed)        JAMES  B.  RUSSELL. 


16th  March,  1887. 


The  Philosophical  Society  of  Glasgow  held  its  Ninth  Ordinary 
General  Meeting  for  Session  1886-87,  on  the  evening  of  the  16th 
March,  1887,  at  eight  o'clock,  in  the  Large  Lecture  Hall  of 
Anderson's  College — Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as 
read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  The  President  tlien  announced  that  the  occasion  had  been 
chosen  for  the  delivery  of  the  Third  Triennial  "  Graham  "  Lecture 
in  connection  with  the  Chemical  Section  of  the  Society,  and  he 
resigned  the  Chair  to  Mr.  J.  J.  Coleman,  F.R.S.E.,  F.C.S., 
President  of  the  Section,  who  introduced  the  "Graham"  Lecturer, 
Dr.  T.  E.  Thorpe,  F.R.S.,  to  the  Meeting. 
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3.  Dr.  Thorpe  proceeded  with  his  lecture,  the  subject  being 
"  On  certain  Modem  Developments  of  Graham's  conceptions  of 
the  Essential  Nature  of  Matter.  At  the  close,  Sir  William 
Thomson  made  a  few  interesting  remarks,  and,  on  the  motion  of 
the  Chairman,  Dr.  Thorpe  was  awarded  a  hearty  vote  of  thanks. 

4.  Mr.  Justus  Widmer,  Teacher,  21  Athole  Gardens,  was  duly 
elected  a  Member  of  the  Society. 

(Signed)        JAMES  B.  RUSSELL. 


SOth  March,  1887. 


The  Philosophical  Society  of  Glasgow  held  its  Tenth  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  30th 
March,  1887,  at  eight  o'clock,  in  the  Eooms  of  the  Society,  207 
Bath  Street — Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  Mr.  F.  O.  Bower,  M.A.,  F.L.S.,  Regius  Professor  of  Botany 
in  the  University  of  Glasgow,  made  two  communications  to  the 
Society: — (a)  "On  the  Relations  of  Black  Ants  to  the  Plant 
Humholdtia  lawrifolia;"  (6)  "  On  a  Morphological  Peculiarity  in 
Cordyline  Australis"  In  the  discussion  to  which  they  gave  rise 
Professor  Balfour,  of  Oxford,  Dr.  M'Kendrick,  Mr.  W.  R  W. 
Smith,  and  other  gentlemen  took  part.  The  best  thanks  of  the 
Society  were  awarded  to  Professor  Bower  for  his  papers. 

3.  Dr.  John  Yule  Mackay,  of  the  University  of  Glasgow,  gave 
an  interesting  sketch  of  the  "  Comparative  Anatomy  of  the  Ver- 
tebral Artery,"  for  which  he  was  cordially  thanked  by  the  Society. 

4.  The  Welsbach  Licandescence  Gas-Light,  which  was  exhibited 
during  the  evening,  was  described  by  Dr.  William  Wallace,  Gas 
Examiner  for  the  City  of  Glasgow,  who  also  gave  the  results  of 
some  recent  experiments  made  with  it.  A  number  of  members 
put  questions  to  Dr.  Wallace,  or  made  remarks,  concerning  the 
light.     He  received  the  best  thanks  of  the  Society. 
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5.  The  President  announced  that  Dr.  Cleland,  who  had  under- 
taken to  read  a  paper  at  this  meeting,  had  been  unable  to  attend 
owing  to  severe  family  affliction. 

(Signed)        JAMES  B.  RUSSELL. 


ISih  Aprily  1887, 

The  Philosophical  Society  of  Glasgow  held  its  Eleventh  Ordinary 
General  Meeting  for  Session  1886-87  on  the  evening  of  the  13th 
April,  1887,  at  eight  o'clock,  in  the  Rooms  of  the  Society,  207 
Bath  Street — Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  preceding  Meeting  of  the  Society,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  A  paper  was  read  "  On  the  Automatic  Electric  Lighting  of 
Trains  on  the  Underground  Railway,"  by  Mr.  Thos.  P.  Carswell, 
C.E.,  Edinburgh,  who  gave  an  interesting  demonstration  of  the 
system  adopted.  A  discussion  ensued,  in  which  Mr.  Henry  S. 
Mavor,  Mr.  D.  Sinclair,  Mr.  Henry  Williams,  and  Mr.  J.  D.  F. 
Andrews,  Electrical  Engineers,  took  part.  Mr.  Carswell  received 
the  thanks  of  the  Society,  and  briefly  replied. 

2.  Mr.  James  T.  Bottomley,  M.A.,  F.RS.K,  made  some  remarks 
on  "Measurement  of  High  Temperatures  by  the  Air  Thermometer," 
and  briefly  described  a  New  Air  Thermometer.  After  a  few 
remarks  by  Mr.  Coleman,  the  thanks  of  the  Society  were  awarded 
to  Mr.  Bottomley. 

3.  Mr.  J.  H.  Fullarton,  M. A.,  B.Sc,  read  a  short  paper  "  On 
Biological  Teaching  in  Germany  and  in  this  country."  Dr.  Stirton 
briefly  spoke  on  the  subject  of  the  paper,  and  the  author  was 
awarded  the  thanks  of  the  Society. 

(Signed)        JAMES  B.  RUSSELL. 


20th  April,  1887. 

On  the  invitation  of  Sir  William  Thomson,  the  Society  held  an 
Extra  Meeting  on  Wednesday,  20th  April,  1887,  at  eight  o'clock 


I' 
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p.m.,   in  the    Natural    Philosophy  Glass-Room,    XTniversity  of 
Glasgow — The  President  in  the  Chair. 

The  following  communications  were  made  and  experimentally 
illustrated: — 1.  "On  a  Double  Chain  of  Electrical  Measuring 
Instruments  to  measure  Currents  from  the  Millionth  of  a  MilU- 
ampere  to  a  Thousand  Amperes,  and  to  measure  Potentials  up  to 
Forty  Thousand  Volts,"  by  Sir  William  Thomson,  F.RS.,  Past- 
President.  2.  "On  Heat  Radiation,"  by  Mr.  James  T.  Bottomley, 
M.A.,  F.R.S.R  Both  gentlemen  were  awarded  the  best  thanks 
of  the  Society  for  their  communications. 

(Signed)        JAMES  B.  RUSSELL. 


27th  April,  1887. 

The  Philosophical  Society  of  Glasgow  held  its  Twelfth  Ordinary 
Meeting  on  the  evening  of  the  27th  April,  1887,  at  eight  o'clock, 
in  the  Rooms  of  the  Society,  207  Bath  Street  Dr.  James  B. 
Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  two  preceding  Meetings  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held  as 
read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  Dr.  Eben.  Duncan  delivered  an  address  as  President  of  the 
Sanitary  and  Social  Economy  Section.  Subject: — "The  Reform 
of  our  present  methods  of  Disposal  of  the  Dead :  Earth-to-Earth 
Burial  and  Cremation."  A  discussion  followed,  in  which  part 
was  taken  by  the  Chairman,  Dr.  Glaister,  and  Messrs.  W.  P. 
Buchan,  Peter  Fyfe,  W.  R.  W.  Smith,  Johnston  Wardlaw,  and 
Buchanan.  Dr.  Duncan  received  the  thanks  of  the  Society  for 
his  address. 

3.  The  paper  by  Dr.  Hay,  of  Pittsburg,  U.S.,  on  "  Economy  in 
the  Disposal  of  the  Dead,"  which  was  mentioned  in  the  business 
notice,  was  held  over. 

4.  The  President  announced  the  election  of  Professor  Stokes, 
President  of  the  Royal  Society,  and  Professor  Donders,  of  Utrecht, 
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as  Honorary  Members  of  the  Society,  the  same  haying  been 
unanimously  recommended  by  the  Council,  and  balloted  for  that 
evening.* 


*  The  following  letters  have  been  received  by  the  Secretary  from  these 
gentlemen,  acknowledging  the  announcement  of  their  election : — 

Leksfield  Cottage,  Cambridge,  9th  May,  1887. 

Dear  Sir, — I  received  this  afternoon  your  letter  of  Saturday,  announcing 
that  the  Philosophical  Society  of  Olasgow  had  done  me  the  honour  of 
electing  me  an  Honorary  Member. 

I  wish,  through  you,  to  return  my  thanks  to  the  Society  for  this  favour. 
I  feel  as  if  I  were  not  altogether  a  stranger  to  your  Society,  for  your 
distinguished  fellow.  Sir  William  Thomson,  has  long  been  one  of  my 
intimate  friends. 

I  am,  Dear  Sir, 

Yours  faithfully, 

G.  G.  STOKES. 
John  Mater,  Esq.,  Secretary, 

Philosophical  Society  of  Gla^ow. 


Lensfield  Cottage,  Cambridge,  2Uh  May,  1887. 

Dear  Sir, — I  write  to  acknowledge,  with  thanks,  the  receipt  of  my 
Diploma  as  Honoi*ary  Member  of  the  Philosophical  Society  of  Gkagow, 
which  reached  me  by  this  morning's  post. 

I  have  already  written  to  you  to  ask  you  to  be  so  good  as  to  convey  my 
thanks  to  the  Society. 

Yours  faithfully, 

G.  G.  STOKES. 
John  Mayer,  Esq. 


Utrecht,  25^  May,  1887. 

Dear  Sir, — I  am  much  honoured  by  my  nomination  as  an  Honorary 
Member  of  the  Philosophical  Society  of  Glasgow,  and  much  pleased  by  the 
contents  of  your  letter. 

Will  you  kindly  accept  my  sincere  thanks  for  yourself,  and  be  the 
interpreter  of  my  thankfulness  to  the  President  and  to  the  Members  of 
the  Society  for  the  great  proof  of  their  kindness. 

I  have  the  honour  to  be.  Dear  Sir, 

Yours  most  sincerely, 

DONDBRa 


mm 
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4th  May,  1887. 

An  Extra  Meeting  of  the  Society  (being  the  cloaing  one  of  the 
Session)  was  held  on  Wednesday,  4th  May,  1887,  at  eight  o'clock 
p.m.,  in  the  Society's  Booms,  207  Bath  Street.  Dr.  J.  B. 
Russell,  President,  in  the  Chair. 

1.  Dr.  James  Colville,  M.A.,  read  a  paper  on  "The  Fourth 
Century  Gothic  Version  of  the  Gospels,  by  Bishop  TJlfilas,  and  its 
Value  in  the  Study  of  Language."  A  discussion  took  place,  the 
speakers  being  the  President,  Dr.  Hutcheson  (High  School),  Mr. 
W.  Reid,  M.A.,  Mr.  G.  Tamson,  B.A.  (Foreign  Languages  Master, 
Kelvinside  Academy),  and  Dr.  David  Ross  (E.C.  Training  College). 
A  vote  of  thanks  was  awarded  to  Dr.  Colville  for  his  paper. 

2.  Mr.  Stephen  Cooke,  F.C.S.,  communicated  three  papers  to  the 
Society  : — (1)  on  "The  Reducing  Action  of  Hydrogen  in  contact 
with  Platinum;"  (2)  on  "The  Action  of  the  Electric  Spark  on 
Mixtures  of  Nitric  Oxide  with  Hydrogen  and  other  Inflammable 
Gases;'*  (3)  on  "The  Decomposition  of  Nitric  Oxide  in  contact 
with  Water  and  Alkaline  Solutions/'  for  which  he  received  the 
thanks  of  the  Society. 

3.  A  Biographical  Notice  of  the  late  Mr.  Robert  Gray,  Vice- 
President  of  the  Royal  Society  of  Edinburgh,  and  Corresponding 
Member  of  the  Philosophical  Society  of  Glasgow,  was  received 
from  Mr.  J.  B.  Murdoch,  and  held  as  read.  Reports  from  several 
Sections  for  the  past  Session  were  also  received  and  held  as  read. 

4.  The  proceedings  were  closed  by  a  very  cordial  vote  of  thanks 
being  awarded  to  the  President  for  his  conduct  in  the  Chair  during 
the  Session,  the  proposer  of  the  Motion  being  Mr.  Alexander  Scott 
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J.  B.  Russell,  B.A.,  M.D.,  LL.D.,  President, 
♦W.  G.  Blackie,  Ph.D.,  LL.D.,  F.R.G.S., 

Professor  James  Morton,  M.D.,  Pres.  F.P.S.G.,  y  Vice-PrtsidenU. 

Mr.  J.  J.  Coleman,  F.R.S.E.,  F.I.C.,  F.C.S., 

Professor  Robert  Grant,  M.A.,  LL.D.,  F.R.S.,  \ 

Professor  Sir  Wm.  Thomson,  M.A.,  LL.D.,  D.C.L., 
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William  Wallace,  Ph.D.,  F.R.S.E.,  F.I.C.,  F.C.S., 
Henry  Muirhead,  M.D.,  LL.D.,  F.F.P.S.G., 

Mr.  John  Robertson,  Librarian, 
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Mr.  Charles  Gairdner,  Economic  Science  Sectiofi, 

Other  Members  of  Council, 


Presidents  or 
Sections, 
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/ 


•Mr.  Alexander  Whitelaw. 

*Mr.  a.  Lindsay  Miller. 

*J.  McGregor  Robertson,  M.A., 

M.B.,  CM. 
*Mr.  Robert  Goodwin,  C.E. 
Professor  William  Dittmar, 
LL.D.,  F.R.SS.,  L,  and  E,,  &c. 
Mr.  William  Renny  Watson. 
Mr.  Robert  Franklin  Muirhead, 


Mr.  James  L.  Mitchell. 
Professor  John    Gray    M'Ken- 

DRiCK,    M.D.,    LL.D.,    F.R,S., 

F.R.S.E.,  F.R.C.P.E. 
Mr.  Henry  Dyer,  M.  a., B.Sc,C.E. 
Mr.  William  Milnb,  M.A.,  B.Sc, 

F.R.  S.E. 
George  A.  Turner,  M.D. 
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*  Retire  by  rotation  in  November,  18S7, 
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COMMITTEES  APPOINTED  BY  THE  COUNCIL 


COMMITTEE    ON  FINANCE. 

Dr.  J.  B.  Russell,  President. 

Mr.  a.  Whitelaw. 
Mr.  a.  Lindsay  Miller. 

Mr.  John  Mann,  Treasurer,  Convener. 
Mr.  J.  J.  Coleman,   V.-P.,  Sub-Convener. 


Mr.  James  L.  Mitchell. 
Mr.  R.  Goodwin. 


COMMITTEE  ON  PAPERS. 


Vice-Presidents. 


Dr.  J.  B.  Russell,  President. 

Dr.  W.  G.  Blackie, 
Dr.  James  Morton, 

Mr.  J.  J.  Coleman.  i        Mr.  James  Thomson. 

Dr.  M*G.  Robertson.  |        Mr.  Henry  Dyer. 

Professor  M*Kendrick,  Convener. 


COMMITTEE  ON  THE  LIBRARY. 

Dr.  J.  B.  Russell,  President. 
Dr.  W.  G.  Blackie, 
Dr.  James  Morton,        \  Vice-Presidents. 


Mr.  J.  J.  Coleman, 

Mr.  R.  F.  Muirhead. 
Mr.  James  L.  Mitchell. 
Dr.  Eben.  Duncan. 
Mr.  a.  Whitelaw. 
Mr.  W.  Renny  Watson. 


Professor  Cleland. 
Mr.  R.  Goodwin. 
Dr.  Muirhead. 
Mr.  James  Thomson. 
Mr.  Henry  Dyer. 


Mr.  John  Robertson,  Librarian^  Convener. 


HOUSE    COMMITTEE. 

Consisting  of  Members  of  the  Philosophical  Society  and  of  the  Institution 

of  Engineers  and  Shipbuilders. 


Institution  of  Engineers  and 
Shipbuilders. 

Mr.  a.  C.  Kirk. 

Mr.  Wm.  Foulis. 

Mr.  John  Ward. 

Vol.  XVIII. 


Philosophical  Society, 

Dr.  Henry  Muirhead. 

Dr.  Wm.  Wallace. 

Mr.  Archibalp  Robertson. 
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ARCHITECTURAL  SECTION. 
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Mr.  J.  J.  Coleman,  F.R.S.E.,  F.LC,  F.C.S. 

Permanetit  Vice-Presidents. 

Professor    Ferguson,    M.A., 

LL.O.,  F.I.C.,  F.C.S. 
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Mr.  Alexander  Whitelaw. 
Mr.  G.  G.  Henderson,  M.A.,  B.Sc 
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BIOLOGICAL  SECTION, 
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Henry  E.  Clark,  M.R.C.S.,  |    Vice-Presidents, 

John  Barlow,  M.D.,  F.R.C.S.,     ) 
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Mr.  Maxwell  Han  nay. 
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Thomas  Muir,  M.A.,  LL.D.,  F.R.S.E.,  )  Vice-Presidents 

Prof.  Robert  Grant,  M.A.,  LL.D.,  F.R.S.,  S 

Robert  Franklin  Muirhead,  M.A.,  B.Sc,  Secretary  and  Treasurer^ 
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Members  of  Council. 

Mr.  Peter  Alexander,  M.A. 
Professor  James  Blyth,  M.A. 
Mr.  James  T.  Bottom  ley,  M.A. 
Mr.  HenrvDyeRjM.A.,  B.Sc.,C.E. 
Professor  William  Jack, 
M.A.,  LL.D. 


Principal  Andrew  Jamieson, 

F.  R.S.  E.,  C.£. 
Professor  James  Thomson, 

LL.D.,  F.R.S. 
Mr.  William  Renny  Watson. 
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ECONOMIC  SCIENCE  SECTION. 
Mr.  Charles  Gairdner,  President. 
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Mr.  William  Smart,  M.A.,  > 
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Mr.  George  Handasyde  Dick. 

Mr.  Charles  Ker,  M.A.,  C.A. 


Members  of  Council. 

Mr.  John  Mann,  jun.,  M.A.,  C.A. 
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ADDITIONS  TO  THE  LIBRARY. 


Donations  in  additio7i  to  tJie  Works  received  in  Exchaiige  from  the 

Societies^  dhc,  named  on  pa^es  441-444. 


DONATIONS.  PsuKXTBO  by 

Fifth  Annual  Report  of   the  U.8.    Geological    The     U.S.      Geological 
Survey.     1883-84.     4to.     Washington,  1885, .  Survey. 

Observations  of  the  International  Polar  Expe- 
dition.    1882-83.     Fort  Rae.     4to.     London,    The   Meteorological 
1886 Office. 

Vital  Statistics  of  the  City  of  Glasgow.  Parts 
2,  3.     1886, Dr.  J.  B.  Russell. 

The  Children  of  the  City — What  can  we  do  for 
them?    Pamphlet.     Edinburgh,  1886,     .        .  „ 

Observations  and  Researches  made  at  the  Hong- 
Kong  Observatory.  1885-86.  F'cap  folio. 
Hong-Kong,  1886, Hong-Kong  Observatory. 

Report  of  the  Entomologist  for  1885.  Pamphlet. 
Ottowa,  1886, James  Fletcher. 

Report  of  the  British  Association — Aberdeen 
Meeting,  1885, The  Association. 

Canadian  Economics — Montreal  Meeting,   1884,  ,, 

Hocus  Pocus ;  or,  The  Whole  Art  of  Legerdemain 
in  Perfection.  By  H.  Dean.  4to.  Glasgow, 
1886, John  Anderson. 

An  Introduction  to  the  Differential  and  Integral 
Calculus.    By  W.  J.  Millar.     12mo.    London,    The  Author. 

Paper  on  some  properties  of  Cast-iron  and  other 
Metals.  By  W.  J.  Millar.  8vo  Pamphlet. 
1886,         

What  I  Believe.  By  Leon  Tolstoi.  8vo.  London, 
1885,         

Centaire  de  M.  Chevreul,  31st  August,  1886. 
4to.     Paris, M.  Chevreul. 

Jouillet's  Elements  de  Physique.     2  vols.    8vo. 

Paris,  1856, Dr.  Thomas  Reid. 

Serret's  Cours  de  Calcul  Diif<^rentiel  et  integral. 
2  vols.     8vo.     Paris,  1868,       ....  ,, 

Boucharlat's  Elements  de  Mechanique.  Second 
edition.    8vo.    Paris,  1827 >» 
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Laqi^'s  Lemons  sur  les  Coordonn^  Corvilignes. 

8vo.    Paris,  1859, Dr.  Thomas  Reid. 

Specifications  of  Patents : — 

Preparations  of  India-mbber  and  Gutta-pereba.    The    Commissionen    of 
Partn., Patents. 

Drains  and  Sewers,  Sewage  and  Manure.    Part 

11., 

Photography.    Part  III., 

Metals  and  Alloys  (excepting  Iron  and  Steel). 
PartL, 

Agriculture.     Division  m.     Agriculture  and 
Traction  Engines, 

Railways.     Part  II., 

Firearms  and  Ammunition,  &C.  Divisions  I.,  II. 
Part  in., 

Artificial   Leather,   Floorcloth,   Oilcloth,   &c. 
Part  n., 

Preparing  and  Cutting  Cork,  Bottling  Liquids, 
&c.     Parts  II.,  IIL, 

Starch,  Gum,  Size,  Glue,  and  other  Stififening, 

&c.     Parts  I.,  II., 

Clinical    Manual    for    the    Study  of   Medical 

Cases.     Second  edition.      By  Dr.  Finlayson. 

8vo.     London,  1886, 

Proceedings  of   American    Association  for   the 

Advancement  of  Science.     Philadelphia  Meet- 
ing, 1884.    8vo.     Salem,  1885, 
Canada  under  the  National  Policy.     Arts  and 

Manufactures.    8vo.     Montreal,  1883,    . 
Canada — Its  History,  Productions,  and  National 

Resources.    8vo.     Ottawa,  1886,     . 
Red  River.    By  J.  J.  Hargrave.    8vo.    Montreal, 

1871,        

To  Canada  with  Emigrants.    By  T.  £.  Ritchie. 

8vo.     London,  1885,         .        .        .        •        . 
England  and  Canada.     By  S.   Fleming.     8vo. 

London,  1884, 

Our  Railway  to  the  Pacific.     By  the  Marquis  of 

Lome.     8vo.     Pamphlet.     London,  1886, 
Handbook  of  Birmingham.     1886, 
Vestiges  of  the  Natural  History  of  Creation. 

Ninth  edition.     I2mo.    London,  1851,    . 
Autobiography  of  John  Stuart  Mill    8vo.    Lon- 
don, 1873,        

A  New  Philosophical  Theory  of  the  Sun.     By 

H.  R.  Rogers.     Pamphlet.     Buffalo,  1886, 
International  Monetary  Conference,  held  in  Paris, 

1878.    8vo.    Washington,  1879,      . 


The  Author. 

Dr.  Moirhead. 
Dr.  Turner. 


Dr.  Muirhead. 
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The  Author. 
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The  Position  of  Law  in  the  Doctrine  of  Money. 

By  S.  D.  Horton.     Pamphlet.     London,  1882,    James  Mayor. 
Address  on  the  Interest  of  the  United  States 

in  the  Silver  Question.     By  S.   D.   Horton. 

Pamphlet.     London,  1882,       ....  ,, 

The  Quarterly  Journal  of  Economics.    Vol.  L 

Part  I.     October,  1886.     8vo.     Boston,  1886,  „ 

Burgh  of  Stirling.     Extract  from  Records,  1519-    The  Stirlingahire  Society 

1666.    4to.    Glasgow,  1887 and  Sons  of  the  Rook. 

The  Castellated  and  Domestic  Architecture  of 

Scotland.      By  D.   Macgibbon  and  T.  Ross.    The  Architectural 

2  vols.    8vo.     Edinburgh,  1887,      .  .  Section. 

Contributions  to  Meteorology.    By  Elias  Loomis. 

4to.    Newhaven,  1887, The  Author. 

Electric    Meteorology.       By    G.    A.     Rowall. 

Pamphlet.     Oxford,  1887,        ....  „ 

Student's     Catalogue.       Glasgow     University 

Library.    Glasgow,  1887,         ....    The  Collie  Librarian. 
Meteorological  Observations  for  1886.    Rouadon 

Observatory,  Devon, The  Observatory. 

Report  of  the  Board  of  Technical  Education  of 

New  South  Wales.     1885,        ....    The  Board. 
On  the  Fossil  Plants  of  the  Laramie  Formations 

of  Canada.    By  W.  J.  Dawson.     Pamphlet. 

1886, The  Author. 

The  Artificial  Cultivation  of  Vaccine  Lymph. 

By  Dr.  John  Dougall.     Pamphlet.    Glasgow, 

1886,  


BOOKS    BOUGHT. 


Mobius  Werke.     Vol  3.    8vo.     Leipzig,  1886. 

Microbes,  Ferments,  and  Moulds.     By  E.  L.  Trouessant.     8vo.     London, 

1886. 
Scotland  in  Pagan  Times.      The  Bronze  and  Stone  Ages.      By  Joseph 

Anderson.    8vo.     Edinburgh,  1886. 
Hazell's  Annual  Cyclopaedia.     1886-87.    8vo.     London. 
La  Nature.     1886. 

Jahres  Bericht  der  Chemischen  Technologie.     1885.    8vo.    Leipzig. 
The  Mammalia  in  relation  to  Primeval  Times.    By  Oscar  Schmidt.    8vo. 

London,  1885. 
Mineral  Statistics  for  1885. 

Encyclopsedia  Americana.     Vol.  3.    4to.    Philadelphia,  1886. 
British  Fungi.     Hymenomycetes.     Vol.  2.     By  John  Stevenson.     8vo. 

Edinburgh,  1886. 
Life  of  Sir  Robert  ChrLstison,  Bart    Vol.  2*    8vo.    Edinburgh. 
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Notes  and  Jottings  from  Animal  Life.      By  Frank    Buckland.      8vo. 

London,  1886. 

British  Colonies  and  their  Resources.     By  James  Bonwick.    8vo.    London, 

1886. 
Geology:  Chemical,  Physical,  and  Stratigraphical.    Vol.    1.  Chemical  and 

Physical     By  Joseph  Prestwich.    8vo.     Oxford,  1886. 

Elements  of  Chemical  Physics.     By  Josiah  Cooke.    8vo.     London,  1886. 
Commercial    Organic    Analysis.      Vol.   2.      By  Alfred    H.   Allen.     Svo. 

London,  1886. 
A  History  of  the  Theory  of  the  Elasticity  and  Strength  of  Materials.     VoL 

1.     By  J.  Todhunter.     8vo.     Cambridge,  1886. 
Text-Book  of  Entomology.     By  W.  F.  Kirby.    8vo.    London,  1885. 
The  Fimction  of  the  Brain.      By  David  Ferrier.      2nd  edition.      Svo. 

London,  1886. 
Steam  and  Steam  Engines.     By  A.  Jamieson.    8vo.    London,  1886. 
The  Primeval  World  of  Switzerland.    By  Heer.   2  vols.   8vo.    London,  1886. 
Pre-History  of  the  North.     By  J.  J.  A.  Worsaaes.     8vo.     London,  1886. 
A  Treatise  on  Chemistry.    By  Roscoe  and  Schorlemmer.    Vol.  III.   Part  3. 
Organic  Chemistry.     8vo.     London,  1886. 
Dictionary  of  Biography.     Vols.  7>  8,  9. 
The  Geographical  and  Geological  Distribution  of  Animals.    Litemational 

Series. 
Rust,  Smut,  Mildew,  and  Mould.    By  M.  C.  Cooke.    12mo.    London,  1886. 
A  Popular  History  of  Astronomy.   By  A.  M.  Clerk.   8vo.    Edinburgh,  1885. 
Handbook  of  Practical  Botany.     By  Strasburger  and  Hillhouse.    London, 

1887. 
The  Age  of  Electricity.     By  Benjamin  Park. 

The  Chemistry  of  the  Sun.     By  J.  N.  Lockyer.    8vo.    London,  1887. 
Letters  and  Journal  of  W.  S.  Jevons.     8vo.     London,  1886. 
The  Mechanics  of  Machinery.     By  A.  B.  W.  Kennedy.     Svo.     London, 

1886. 
Three  Years  of  Arctic  Service.    By  A.  W.  Greely.    2  vols.    Svo.    London, 

1886. 
Spectrum  Analysis.     By  Sir  H.  E.  Roscoe.    Svo.     London,  1885. 
An  Arctic  Province — Alaska  and  the  Seal  Islands.    By  H.  W.  Elliott.    Svo. 

London,  1886. 
On  Light.     By  G.  G.  Stokes.     Svo.     London,  1885. 
Practical  Electricity.     By  W.  E.  Ayrton.     Svo.     London,  1887. 
The  Science  of  Thought.     By  F.  Max  Miiller.     Svo.     London,  1887. 
Lives  of  the  Electricians.     By  W.  T.  Jeans.     Svo.     London,  1887. 
Politischen  Oekonomie.     By  Schonberg  Gustav.    3  vols.    Svo.    Tubingen, 

1885-6. 
Fortschrifte  der  Mathematik.     By  Ohrtmann.     Vol.  16. 
The  Far  Interior.     By  W.  M.  Kerr.     2  vols.    Svo.    London,  18S6. 
Palseoutographical  Society's  Publications  for  1886 : — 

Fossil  Sponges.     Part  1. 

Jurassic  Gasteropoda.     Part  1.     No.  1. 

Inferior  Oolite  Ammonites.     Part  1. 

PleiBtocene  Mammalia.     Part  6. 
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The  Philosophical  Society  Exchanges  with  the 
FOLLOWING  Societies,  &c.  : — 


Aberdeen  Philosophical  Society, 
Academia  Real  Das  Sciencias  de  Lisboa,    . 
Academy  of  Natural  Sciences  of  Philadelphia, 

Academy  of  Science, 

Academy  of  Science, 

American  Academy  of  Arts  and  Sciences,  . 

American  Geographical  Society, 

American  Pharmaceutical  Society, 

American  Philosophical  Society, 

Anthropological  Institute, 

Astor  Library,  New  York, 

Library  of  Royal  Observatory,  . 

Bath  Natural  History  and  Antiquarian  Field  Club, 

Belfast  Natural  History  and  Philosophical  Society, 

Berwickshire  Naturalists'  Club, 

Biblical  Archaeology, .... 

Birkenhead  Literary  and  Scientific  Society, 

Birmingham  Philosophical  Society^    . 

Boston  Natural  History  Society, 

Boston  Public  Library, 

Botanical  Society  of  Edinburgh, 

Bremen  Geographical  Society,    . 

Bristol  Naturalists'  Society, 

Buffalo  Society  of  Natural  Sciences,  . 

Bureau  Scientifique  Central  N^erlandais, 

California  Academy  of  Sciences, 

Cambridge  Philosophical  Society, 

Canadian  Institute,    .... 

Canadian  Society  of  Civil  Engineers, 

Cardiff  Naturalists'  Society, 

Chemical  Society,       .... 

Cleveland  Institution  of  Engineers,    . 

Commissioners  of  Patents, 

Davenport  Academy  of  Natural  Sciences, 

Deutscher  Kolonial  Verein, 

Die  Deutsche  Chemische  Gesellschaft, 

Dublin  University  Biological  Association, 

£cole  Polytechnique, 

Edinburgh  Geological  Society,   . 

Engineering 

Entomological  Society  of  Ontario, 

Epping  Forest  and  County  of  Essex  Naturalists' 

Club,  .  .... 

Folkestone  Natural  History  Society, 
Franklin  Institute,     .... 
Geographical  Society, 


Field 


Aberdeen. 
Lisbon. 
Philadelphia. 
Connecticut. 
St.  Louis. 
Boston. 
New  York. 
Philadelphia. 

London. 

New  York. 

Melbourne. 

Bath. 

Belfast. 

Alnwick. 

London. 

Birkenhead. 

Birmingham. 

Boston. 

Edinburgh. 

Bremen. 

Bristol. 

Buffalo. 

Harlem. 

Califomia. 

Cambridge. 

Canada. 

Montreal. 

Cardiff. 

London. 

Middlesborough. 

London. 

Davenport,  Iowa. 

Berlin. 

Dublin. 
Paris. 
Edinburgh. 
London. 

London,  Ontario. 
Buckhnrst  Hill, 

Essex. 
Folkestone. 
Philadelphia. 
Geneva. 
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Geographical  Society  of  Australasia,  ....  Sydney. 

Geographical  Society  of  Scotland,       ....  Edinburgh. 

Geographische  GeseUschaft  zu  Griefswald,  .  Griefswald. 

Geological  Society  of  Glasgow, Glasgow. 

Geological  Survey  of  Canada, Montreal 

Geological  Survey  of  India, Calcutta. 

Glasgow  Archaeological  Society,  ....  Glasgow. 

Hamburg  Geographical  Society,         ....  Hamburg. 

Hertfordshire  Natural  History  Society  and  Field  Club,  Watford,  Herts. 

Historic  Society  of  Lancashire  and  Cheshire,  Liverpool. 

Institut  Canadien-Fi'an9ais  d'Ottawa,  Ottawa. 

Institution  of  Civil  Engineers, London. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland,  Glasgow. 

Institution  of  Mechanical  Engineers, ....  London. 

Insurance  and  Actuarial  Society  of  Glasgow,      .        .  Glasgow. 

John  Hopkins  University,  ....  Baltimore. 

Kasan  Imperial  University, Kasan. 

Kon.  Akademie  van  Wetenschappen,  .  Amsterdam. 

Leicester  Literary  and  Philosophical  Society,     .  Leicester. 

Literary  and  Historical  Society  of  Quebec,  Quebec. 

Literary  and  Philosophical  Society  of  Leeds,      .        .  Leeds. 

Literary  and  Philosophical  Society  of  Liverpool,        .  Liverpool 

Literary  and  Philosophical  Society  of  Manchester,     .  Manchester. 

Liverpool  Elngineering  Society, liverpooL 

Liverpool  Geological  Society, „ 

Liverpool  Naturalists'  Field  Club,  ,, 

Liverpool  Polytechnic  Society, ,, 

London  Geological  Society, London. 

Manchester  Association  of  Employers,  Foremen,  &c.,  Manchester. 
Manchester  Greographical  Society,      .        .        .         .  ,, 

Manchester  Scientific  Students'  Association,  ,, 

Manitoba  Historical  and  Scientific  Society,  Winnip^. 

Mechanical  World London. 

Meteorological  Observatory Montsooris,  Paris. 

Middlesex  Hospital, London. 

Midland  Institute  of  Mining  Engineers,  Bamsley. 

Midland  Medical  Miscellany Leicester. 

Mining  Institute  of  Scotland, Hamilton. 

Mitchell  Library, Glasgow. 

Mus^e  Teyler, Harlem. 

National  Academy Washington. 

National  Observatory ,, 

Natural  History  Society  of  Glasgow,  ....  Glasgow. 

Naturalists'  Union, Huddersfield. 

Netherlands  Geographical  Society,    ....  Amsterdam. 

New  York  Academy  of  Sciences,        ....  New  York. 

New  Zealand  Institute, Wellington. 

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers NewoMtle-on-l^yne. 
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N.  Stafifordfihire  InBtitate  of  Mining  and  Mechanical 

Engineers London. 

Observatoire  Royal  de  Brozelles,       ....  Bmxellea. 

Odontological  Society, London. 

Ohio  Mechanics'  Institute, CinoinnatL 

Oneida  Historical  Society, Utica. 

Paisley  Public  Library Paisley. 

Pharmaceutical  Society London. 

Photographic  Society, „ 

Philadelphia  Alumni  Association,      ....  Philadelphia. 

Physical  Society  of  London, London. 

Physico-Chemical  Society,  Uniyendty  of  St.  Peters- 
burg,    St.  Petersbozg. 

Powys-land  Club, LiverpooL 

Publisher  of ''Engineering,'* London. 

Registrar-General, Melbourne. 

Royal  Academy  of  Science,        .        .  Brussels. 

Royal  Academy  of  Science, Stockhobn. 

Royal  Astronomical  Society, London. 

Royal  Cornwall  Polytechnic  Society,  Falmouth. 

Royal  Dublin  Society, Dublin. 

Royal  Geographical  Society, London. 

Royal  Greographical  Society Vienna. 

Royal  Institute  of  British  Architects,  .  London. 

Royal  Institute  of  Lombardy, Milan. 

Royal  Institution  of  Cornwall, Truro. 

Royal  Institution  of  Great  Britain,    ....  London. 

Royal  Irish  Academy, Dublin. 

Royal  Microscopical  Society, London. 

Royal  Physical  Society  of  Edinburgh,  .  Edinbar|^. 

Royal  Prussian  Academy  of  Science* ....  Berlin. 

Royal  Scottish  Society  of  Arts, Edinburgh. 

Royal  Society  of  Canada, Quebec. 

Royal  Society  of  Edinburgh, Edinburgh. 

Royal  Society  of  London, London. 

Royal  Society  of  Tasmania, Hobart  Town. 

Royal  Society  of  Victoria, Melbourne. 

School  of  Mines, New  York. 

Science, Cambridge,  Mass. 

Science  Monthly, London. 

Scottish  Greographical  Society, Edinburgh. 

Scottish  Meteorological  Society,         ....  ,, 

Seismological  Society  of  Japan, Tokio. 

Smithsonian  Institution, Washington. 

Social  Science  Association, London. 

Society  for  Psychical  Research,  ....  London. 

Soci^t^  des  Sciences  Physiques  et  Natnrelles,    .  Bordeaux* 

Soci^t4  Royal  des  Sciences  de  li^e, ....  li^e. 

Sooie^ofArts London. 
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Society  of  Chemical  Indastiy, London. 

Society  of  Engineers, ,, 

Soath  Wales  Institute  of  Engineers,  ....  Swansea. 

Statistical  Society London. 

United  States  Geologist Washington. 

Qnited  States  Observatory, ,, 

United  States  Survey, „ 

University  of  Christiania, Christiania. 

University  of  Tokio,  Japan, Tokio,  Japan. 

Verein  fiir  Erdkunde  zu  Halle HaJle. 

Videnskabs-Selskabet  i  Christiania,   ....  Christiania. 

Washburn  Observatory — University  of  Wisconsin,    .  Washburn. 

Wagner  Free  Listitute  of  Science,      ....  Philadelphia. 


LIST  OF  PERIODICALS. 


WEEKLY. 


Academy. 

Architect. 

Athenaeum. 

British  Architect. 

British  Journal  of  Photography. 

British  Medical  Journal 

Builder. 

Building  News. 

Chemical  News. 

Comptes  Rendus. 

Dingler's  Polytechnisches  Journal. 

Economist. 

Electrician. 

Engineer. 


Engineering. 

English  Mechanic. 

Industries. 

Iron. 

Journal  of  the  Society  of  Arts. 

Journal  of  Gas  Lighting. 

Mechanical  World. 

Nature. 

Notes  and  Queries. 

Pharmaceutical  Journal. 

Science. 

Scientific  American. 

Telegraphic  JoumaL 


FORTNIGHTLY. 


Berichte  der  Deutschen  Chemischen 

Gesellschaft. 
Bulletin  de  la  Soci^t4  Chimique  de 
Paris. 


Journal  filr  Praktische  Chemie. 
Zeitschrift   fiir  die  Chemische  In- 
dustrie. 


MONTHLY. 


American   Journal  of  Science   and 

Arts. 
Annales  de  Chimie  et  de  Physique. 
Annales  des  Ponts  et  des  Chauss^es. 
Annales  des  Sciences  Naturelles — 

Botanique. 
Annales  des  Sciences  Naturelles — 

Zoologie. 


Bulletin  de  la  Socidt^  d*£ncourage- 

ment. 
Bulletin  de  la  Sooi^t^  G^logique  de 

France. 
Bulletin  Mensuel  de  PObservatoire 

de  Montsouris. 
Canadian  Entomologist. 
Chamber  of  Commerce  Joonud. 


List  of  Periodicals. 
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Entomologist. 

Entomologists'  Monthly  Magazine. 

Geological  Magazine. 

Hardwicke's  Science  Gossip. 

Journal  of  the  Franklin  Institute. 

Journal  de  Pharmacie  et  de  Chimie. 

Journal  of  Botany. 

Monthly    Notes    of     the    Library 

Association. 
Journal  of  the  Photographic  Society. 
Journal  of  Science. 
Journal  of  the  Chemical  Society. 
Annalen  der  Chemie. 
Annalen  der  Physik  und  Chemie. 
Annals  and   Magazine   of   Natural 

BKstory. 
Analyst. 
Antiquary. 
Beiblatter  zu   den  Annalen   der 

Physik  und  Chemie. 


Journal  of  the  Scottish  Geographioal 

Society. 
London,    Edinburgh,    and    Dublin 

Philosophical  Magazine. 
Midland  Medical  Miscellany. 
Midland  Naturalist. 
Monatsbericht  der  Kdniglich  Preus- 

sischen    Akademie    der    Wissen- 

schaften  zu  Berlin. 
Odontological     Society's     Transac- 
tions. 
Proceedings    of    Royal    Society   of 

London. 
Proceedings  of  Royal  Geographical 

Society. 
Royal  Astronomical  Society's 

Monthly  Notices. 
Sanitary  Journal. 
Science  Monthly. 
Zoologist. 


QUARTERLY. 


Annales  des  Mines. 

Bulletin  de  la  Soci4t4  IndustrieUe  de 
Mulhouse. 

Grevillea. 

Journal  of  Anatomy  and  Physiology. 

Journal  of  the  Koyal  Agricultural 
Society  of  England. 

Journal  of  the  Scottish  Meteoro- 
logical Society. 

Journal  of  the  Statistical  Society. 

Mind :  a  Quarterly  Review  of  Psy- 
chology and  Philosophy. 


Quarterly  Journal  of  Economics. 
Quarterly    Journal    of    Geologioal 

Society. 
Quarterly  Journal  of  Microscopical 

Science. 
Quarterly  Journal  of  Ornithology. 
Quarterly    Journal    of    Pure    and 

Applied  Mathematics. 
Revue  Universelle  des  Mines. 
Scientific  Roll. 
Zeitschhft  fur  Analytische  Chemie. 


1 


LIST    OF    MBMBEES 


OF  THK 


PHILOSOPHICAL  SOCIETY  OF  GLASGOW, 


FOB    1886-87. 


HONORARY     MEMBERS. 
f  Limited  to  Twenty.  J 


With  Year  or  ELEcno9. 


Foreign. 

Michael  Eugene  Chevreul,  Paris, i860 

HennaQn  Ladwiff  Ferdinand  von  Helmholtz,  Berlin, i860 

Rudolph  Albert  Kolliker,  Wtirtizburg, i860 

Wilheun  Weber,  G6ttingen, i860 

5  Ernst  Heinrich  Hseckel,  Jena, 1880 

Louis  Pasteur,  Paris, 1885 

Franz  Cornelius  Donders,  Utrecht, 1S87 

American  and  Ck)LONiAL. 

James  Dwight  Dana,  LL.D.,  Professor  of  Geology  and  Mineralogy  in  Yale 

College,  Connecticut, i860 

Elias  Loomis,  Professor  of  Natural  Philosophy,  Yale  College,  Connecticut, .  i860 

10  Robert  Lewis  John  Ellery,  F.R. A. S.,  Victoria, 1874 

Sir  John  William  Dawson,  LL  D. ,  F.  R.  S. ,  Principal  of  Macgill  Collece,  Montreal,  1883 

Asa  Gray,  LL.D.,  D.C.L.,  Professor  of  Natural  History  in  Harvard  university,  1885 

British. 

James  Prescott  Joule,  LL.D.,  D.C.L.,  F.R. S.,  Manchester,        ....  i860 

Sir  Andrew  Crombie  Ramsay,  LL.D.,  F.R.S.,  London, 1874 

15  Sir  Joseph  Dalton  Hooker,  K.C.B.,  K.C.S.L,  M.D.,  D.C.L.,  LL.D.,F.R.S.,  Kew,  1874 

Thomas  Henry  Huxley,  Ph.D.,  LL.D.,  D.C.L.,  F.R.S.,  London,         .        .        .  1876 

Herbert  Spencer,  London, 1879 

John  Tyndall,  LL.D.,  D.C.L.,  F.R.S.,  M.RL,  London, 1880 

Rev.  John  Kerr,  LL.D.,  Glasgow 1885 

20  (George  Gabriel  Stokes,  M.A.,  LL.D.,  D.C.L.,  P.,  R.S.,  Cambridge,  .        .        .  1887 


lAst  of  Members. 
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CORRESPONDING     MEMBERS. 

With  Year  of  Election. 

Rev.  H.  W.  Crosakey,  LL.D.,  F.G.S.,  117  Gongh  road,  Birmingham,  . 

A.  S.  Herschel,  B.A.,  F.R.S.,  F.R.  A.S.,  Professor  of  Physics,  College  of  Science, 

16  Saville  row,  Newcastle-on-Tyne 

Thomas  E.  Thorpe,  Ph.D.,  F.R.S.,  Royal  School  of  Mines,  London,    . 

John  Aitken,  F.K.S.E.,  Darroch,  Falkirk, 

5  Alex.  Buchan,  M.A.,  F.R.S.E.,  Secretary  to  the  Scottish  Meteorological  Society, 

73  Northumberland  street,  Edinburgh, 

James  Dewar,  M.A.,  F.R.S.,  L.  &  £.,  M.R.I.,  Jacksonian  Professor  of  Physics, 

University  of  Cambridge,  and  Proifessor  of  Chemistry  in  the  Royal  Institution 

of  Great  Britain,  Cambridge, 

Stevenson  Macadam,  Ph.D.,  F.R.S.E.,  Lecturer  on  Chemistry,  Surgeons'  Hall, 

Edinburgh, 

Joseph  Swan,  Newcastle-on-Tyne  and  London, 

E.  A.  Wiinsch,  F.G.S.,  London, 

10  George  Anderson,  Master  of  the  Mint,  Melbourne, 


1874 

1874 
1874 
1883 

1883 


1883 

1883 
1883 
1883 
1885 


Adam,  William,  M.A.,  415  Sauchie- 
hall  street.  1876 

Addie,  John,  144  St.  Vincent  street  1 861 

Aikman,  C.  M.,  M.A.,  B.Sc,  F.C.S., 
183  St.  Vincent  street.  1886 

Alexander,  Peter,  M.A.,   16  Smith 
street,  Billhead.  1885 

5  Alexander,  Thos.,  8  Sardinia  terrace.  1869 

Alley,  Stephen,  Sentinel  Works,  Pol- 
madie  road.  1884 

Anderson,  Alexander,  157  Tronffate.  1869 

Anderson,  James  Hackson,  Wardlaw- 
hill,  Rutherglen.  1885 

Anderson,  John,  22  Ann  street.  1884 

io*Anderson,  T.  M'Call,  M.D.,  Professor 
of  Clinical  Medicine  in  the  Uni- 
versity of  Glasgow,  2  Woodside 
terrace.  1873 

Anderson,  W.  F.  G.,  47  Union  street.  1878 

Andrews,  D.  J.  F.,  Electric  Works, 
Woodside.  1887 

Amot,  James  Craig,  162  St.  Vincent 
street.  1869 

Arrol,  Archibald,  16  Dixon  street.     1869 
15  Arrol,  Walter,  16  Dixon  street.  1869 

Arrol,  William  A.,  16  Dixon  street.  1869 

Bain,  Sir  James,  F.R.S.E.,  3  Park 
terrace.  1866 

Bain,   Robert,    132    West   Nile 

street.  1869 

Baird,  Alex.  Smith,  26  Sardinia  ter- 
race, Billhead.  1870 
20  Ball,  Benry  W.,  Averley,  Billhead.  1875 

Balloch,    Robert,    131    St.    Vincent 
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Engine,  marine,  development  of,  1. 

Engine,  steam,  Hugo  Reid's  paper  on 
invention  of,  3 ;  inverted,  beam  or  side 
lever,  7. 

Engineers,  Institution  of,  2. 

Engines  of  steamers  Aberdeen  and  Pro- 
pontis,  12. 

Engines,  triple  expansion,  11. 

English  and  lowlajid  Scotch,  relation  of, 
to  Gothic,  213. 

Erratic  blocks,  72. 

Essential  unity  of  matter,  idea  of,  126. 

Exchanges  with  other  societies,  &c.,  list 
of,  441. 

Express  grant  and  implied  grant  in  con- 
stituting servitudes,  173 ;  examples  of, 
174. 

Experiments,  preliminary,  on  the  effects 
of  percussion  in  changing  the  magnetic 
moments  of  steel  magnets,  by  William 
Brown,  41. 


Experimental  research  on  the  artificial 
cultivation  of  vaccine  lymph,  by  Dr. 
Neil  Carmichael,  369. 

External  carotid  artery,  comparatiye 
anatomy  of,  305. 

Fall  in  prices,  the  chief  factor  in  trade 
depression,  144. 

Fawcett's  definition  of  nationalwealth,  138. 

Ferguson,  Archibald,  on  some  minor 
rights  of  land  ownership,  170. 

First  two  beings.  Western  Australian 
legend  of,  149. 

Foreign  tariffs  and  bounties,  140;  com- 
petition in  trade,  140. 

Formation  of  microscopical  image,  difi&«c- 
tion  theory  of,  31. 

Foulis'  gas-fire,  John  Mayer  on,  365. 

France,  technical  schools  in,  76. 

Fullarton,  J.  H.,  on  biological  teaching  in 
Germany  and  in  this  country,  327. 

Fulton's  steamer  Clemionty  6. 

Gairdner,  Charles,  on  an  examination  of 
the  report  of  the  Royal  Conunission  on 
depression  of  trade,  133. 

Galvanometers,  253. 

Gaseous  molecule,  122. 

Gas  for  lighting,  economical  use  of,  89. 

Gas  testing  with  Bray's  burners,  93. 

Genus  Humboldtia,  where  natives,  321. 

Geographical  alto-relievo  models  and  their 
place  in  education,  by  William  Martin, 
108. 

Geographical  and  Ethnological  Section,  re- 
port of,  398 ;  officebearers  of,  398,  435. 

Geographical  teachi  ng  in  private  academies 
and  board  schools,  108 ;  curriculum  for 
the  "standards,"  109. 

German  universities,  recent  growth  of, 
328. 

Germs  of  putrefaction,  268. 

Gibson,  George  A.,  note  on  a  clasa  of 
definite  integrals,  167. 

Gladstone  and  Tribe  on  occluded  hydro- 
gen, 284. 

Glasgow  and  West  of  Scotland  Technical 
College,  79. 

Glasgow  City  and  District  Railway — 
train-lighting  arrangements  de8cril>ed, 
392. 

Glasgow  city  burial-grounds,  report  on, 
260. 

Glasgow  Corporation  Water- works :  rules 
as  to  lead  pipes,  104. 

Glasgow  swimming  ponds,  363. 

Glasgow  Underground  Railway,  three 
electrical  circuits  in,  394;  how  formed, 
394. 

Glasgow  Weaving  College,  progress  of 
technical  education  with  special  refer- 
ence to,  by  David  Sandeman,  73. 
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Fhtlosophical  Society  of  Glasgow, 


Glasgow  Weaving  School,  hours  of  in- 
stmction  in,  83;  number  of  pupils  in, 
83;  work  done  in,  83. 

Glass,  lines  of  stress  in,  illustrated,  245. 

Gorini  and  Siemens'  crematories,  273. 

Gothic  grammar,  229  ;  the  verb,  229  ;  the 
passive  verbal  form,  2.31  ;  demonstra- 
tives and  relatives,  232. 

Gothic  version  of  the  Gospels,  by  Bishop 
Ulfilas,  and  its  value  in  the  study  of 
language.  Dr.  James  Colville  on, 
207. 

Gothic  words  dealing  with  man  and  his 
personal  environment,  219  ;  with  man's 
natural  surroundings,  221 ;  with  man 
and  his  activities,  223. 

Goths,  brief  account  of,  210. 

Graham  and  Dalton  compared,  124. 

Graham  lecture,  by  Professor  Thorpe, 
118. 

Graham  Medal  and  Lecture  Fund  account, 
408. 

Graham,  Professor  of  Chemistry  in  Ander- 
dersonian  Institution,  118;  his  first 
paper,  196 ;  his  position  as  an  atomist, 
120. 

Gray,  Robert  (the  late),  J.  B.  Murdoch 
on,  279;  birthplace  of,  279;  teller  in 
City  of  Glasgow  Bank,  279;  life  in 
Edinburgh,  282. 

Great  Spirit,  knowledge  of,  amongst  New 
Guinea  tribes,  65. 

Grimm's  law,  212. 

Grocers'  Company,  prize  of  £1000,  373. 

Haden,  Francis — letters  to  the  Times  on 
burial  of  the  dead,  266. 

Heat-engine  and  steam-engine  defined,  3. 

Heating  by  gas  fires,  88. 

Heat -regeneration  in  the  **Foulis"  gas- 
fire,  366. 

High  grades  of  steam  expansion  in  marine 
engines,  14. 

High  potential  circuits,  253. 

Historical  grammar,  228. 

Hospital  gangrene  and  pyaemia,  264. 

Hugo  Reid's  paper^on  invention  of  steam- 
engine,  reference  to,  3. 

Hull's  patent  engine  for  ship  propulsion,  5. 

Humboldlia  lauri/oliay  Prof.  Bower  on, 
320. 

Hydrogen  and  platinum  foil,  action  of,  on 
nitric  acid,  285;  on  nitrates,  287;  on 
chlorine,  bromine,  and  iodine,  288;  on 
concentrated  sulphuric  acid,  289 ;  on 
permanganates,  289 ;  on  other  classes 
of  salts,  290  ;  on  nitric  oxide,  291. 

Illuminating   power  of    gas  in    English 

towns,  92. 
Indo-European  family  of  tongues,  212. 
la/an ticide  among  native  Australians,  157. 


Institution  of  Engineers,  2. 

Intramural  interment  and  Town  Council 

of  Glasgow,  260. 
Introduction  of  sea-water  into  Glasgow, 

John  Anderson  on,  357 ;  estimated  cost 

of  proposed  scheme,  358. 
Introduction  to  Gothic,  by  Mr.  Douse,  234. 

Jar    dififusion,   197;     results,    table    of, 

198. 
*'  Johnny  Gibb  o'  Gushetneuk,"  219,  228, 

235. 
Justice  Stephen  on  legality  of  cremation, 

274. 

Kay,  Arthur,  on  the  aboriginal  Australian, 
as  he  was,  146. 

Keddie,  William,  early  history  of  Philo- 
sophical Society,  1. 

Key,  William,  on  coal  gas :  and  the  coal 
question  in  its  bearings  on  the  ilia- 
minating  power  of  gas,  87. 

Kidney  fat,  curious  Australian  supersti- 
tion regarding,  149. 

Kirk,  A.  C,  and  engines  of  steamer 
Aberdeeny  12;  and  steamer  ProporUig, 
11. 

Koitapu  tribe,  57. 

Land  ownership,  some  minor  rights  of, 

by  Archibald  Ferguson,  170. 
Langley,  Prof.  S.  P.,  reference  to,  253. 
Latham,  Baldwin,  reference  to,  264. 
Lead,  different  qualities  of,  103;  impuri- 
ties in,    103 ;    properties  affected  by 

impurities  in,    103;  pipe  in  Royalty 

Theatre,  104. 
Leaden  service  pipes,  burst  specimens, 

102. 
Legislation     affecting     employment    of 

labour,  141. 
Legislative    enactments   in  restraint  of 

labour,  142. 
Library,  additions  to,  437. 
Library  Committee,  report  by,  412. 
Life  of  John  Dalton,  125. 
Light  vibrations  explained,  243. 
Liquid  diffusion,  J.  J.  Coleman  on,  196. 
List  of  members,  446. 
Lister's    prediction    as    to    infeotiooB 

diseases,  372. 
Lockycr  on  elemental  forms  of  matter, 

129. 
Loss  to  Glasgow  public  by    using  26- 

candle  gas,  95. 
Lymph  of  two  kinds,  372. 

Macadam,  Dr.  Stevenson,  on  gas  testing, 

90. 
Mackay,  Dr.  John  Yule,  on  the  arterial 

system    of  vertebrates   homologicallj 

considered,  302. 
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Magnetic  moments  in  absolute  measure, 
investigations  on,  by  T.  Gray,  41. 

Magnetismg  operations  described  by  Wil- 
liam Brown,  44  ;  magnetic  moment  of 
magnets,  loss  of,  46. 

Magnets  of  **  silver  steel,"  43;  temper- 
ing of,  43. 

Magnus,  Sir  Philip,  and  technical  educa- 
tion, 81. 

Manganese,  its  efifects  on  magnetic  reteu- 
tiveness  and  magnetic  susceptibility, 
43. 

Mann,  John,  re-election  of,  as  Treasurer, 
413. 

Manners  and  customs  of  some  of  the 
tribes  of  New  Guinea,  Rev.  James 
Chalmers  on,  57. 

Marine  biological  stations,  331. 

Marine  engine,  development  of,  1 ;  defini- 
tion of,  3;  classes  of,  7;  oscillating,  8; 
high  grades  of  steam  expansion  in,  14; 
improvements  on,  by  Elder,  Randolph, 
and  J.  M.  Rowan,  10;  piston  speed  in, 
24;  results  of  improvements  in,  19; 
steam  jacket  for  cylinders  of,  16 ; 
surface  condensation  in,  18. 

Marriage  among  aboriginal  Australians, 
156. 

Marriage  customs  in  the  Motu  tribe, 
63. 

Marshall's  statistics  of  mercantile  marine, 
21. 

Martin,  William,  on  geographical  alto- 
relievo  models  and  their  place  in  edu- 
cation, 108. 

Mathematical  and  Physical  Section,  report 
of,  399  ;  office-bearers  of,  399  and  436. 

Mayer,  John,  election  of,  as  Secretary, 
414 ;    on   Foulis'  gas-fire :    a  new  de- 

Sarture  in  using  gaseous  fuel  for 
omestic  purposes,  365. 

M*Kendrick,  Professor,  description  of 
new  rocking  microtome  by,  414. 

Measurement  of  high  temperature  by  air 
thermometer,  J.  T.  Bottomley  on,  428. 

Meldola,  Prof.,  secretary  British  Associa- 
tion conference  of  delegates,  72. 

Members  of  Society,  list  of,  446. 

Meteorological  and  phonological  observa- 
tions, 72. 

Micrococci  in  vaccine  lymph,  370. 

Micro-objective  defined,  29 ;  numerical 
apertures  of,  32. 

Microtome,  new  rocking,  described  by 
Dr.  M'Kendrick,  414. 

Mill,  Dr.  H.  R.,  on  physical  condition  of 
water  in  the  Clyde  sea-area,  332. 

Milne,  William,  on  a  new  tentaculiferous 
protozoon  and  other  infusoria,  with 
notes  on  reproduction  and  the  function 
of  the  contractile  vesicle,  48. 

Minutes  of  Session,  404. 


Molecular   measurements,   Sir   William 

Thomson  on.  132. 
Monthly    variation    of   temperature   in 

Clyde  sea-area,  348. 
Motu  husband  and  wife,  63. 
Motu  tribe  and  village,  67. 
Motuan  children,  64. 
Muirheatl,  Dr.  Henry,  on  conference  of 

delegates  at  Birmingham  meeting  of 

British  Association,  70. 
Murdoch,  J.  B.,  on  the  late  Robert  Gray, 

279. 
Mutual  gables,  180;  floor  ceilings,  188. 
Myrmecodia,  study  of,  by  Treub,  321. 
Myrmekophilous  plants  of  Malayan  and 

Papuan  Archipelago,  320. 
Myths  of  aborigmal  Australian,  147. 

Napier,  David,  and  side-lever  en^e,  8. 
National  Vaccine  Establishment  circnlar, 

quotation  from,  385. 
Native  ovens,  or  mimyongs,  in  Australia, 

165. 
Natural    History    Society  of    Glasgow, 

origin  of,  280;    Robert  Gray's  secre- 
taryship of,  280. 
Newcomen's  engine,  4. 
New  Guinea,  manners  and  customs  of 

some  of  the  tribes  of,  by  Rev.  James 

Chalmers,  57. 
New    honorary     members — election    of 

Professor  G.  G.  Stokes,  429  ;  Professor 

Dondei-8,  429  ;  letters  from,  430. 
New  ordinary  members — 

Andrews,  D.  J.  F.,  421. 

Blackie,  Walter  Wilfrid,  405. 

Brown,  Alexander,  421. 

Brown,  Hugh,  424. 

Brown,  Wm.  Stevenson,  418. 

Bryce,  Robert,  416. 

Buchanan,  William,  405. 

Cayzer,  Charles  W.,  415. 

Cooke,  Stephen,  405. 

Craig,  T.  A.,  416. 

Crawford,  Robert,  405. 

Cross,  Alexander,  424. 

De  Callajon,  Ventura,  405. 

Dick,  George  Handasyde,  424. 

Downie,  Thomas,  418. 

Erskine,  Dr.  James,  416. 

Fullarton,  J.  H.,  415. 

Fyfe,  Peter,  416. 

Gairdner,  C.  D.,  405. 

Griffiths,  Azariah,  416. 

Ker,  Adam,  424. 

Leitch,  Alexander,  415. 

Lochore,  John,  416. 

Machcll,  Thomas,  418. 

Maclvor,  R.  W.  Emerson,  416. 

MacKinlay,  James  Murray,  405. 

MacLean,  Walter,  420. 

Moir,  Charles  S.,  415. 
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New  ordinary  members  {conimwed) — 

Moore,  Alex.  George,  418. 

Motion,  James  Rnssell,  ^0. 

Moir,  James,  424. 

Mairhead,  James,  424. 

Smart,  William,  405. 

Stewart,  Andrew,  424. 

Stewart,  James,  424. 

Thomson,  James,  405. 

Underwood,  Francis  H.,  418. 

Watson,  John,  415. 

Widmer,  Justus,  427. 

Wood,  James,  416. 
Nitric  oxide,  decomposition  of,  in  contact 

with    water    and    alkaline   solutions, 

Stephen  Cooke  on,  299. 
Normal  vaccine  vesicles  produced  arti- 

fidaUy,  3S3. 

Observations,  meteorological  and  pheno- 
logical,  72. 

Officebearers  for  1886-87,  434;  of  Sec- 
tions, list  of,  434. 

Ophrydium  sesgik,  description  of,  53. 

OptioJ  glasses,  manufacture  of,  at  Jena, 
34. 

Ordinary  coal  fire  a  wasteful  one,  89. 

Origin  of  the  Philosophical  Society,  1. 

Oscillating  marine  engine,  8, 

Otto  gas  engine,  87. 

Over-production  in  trade,  139. 

Oxytricha  trkomis,  description  of,  52. 

Papin's  steam-engine,  4. 

Parochial  law  of  Scotland,  Duncan's 
treatise  on,  259. 

Partition  walls,  ownership  of,  188. 

Pasteur,  M.,  on  chicken  cholera,  385 ; 
on  spread  of  splenic  fever,  268 ;  quoted 
in  regard  to  virus  of  fowl  cholera,  384. 

Peradeniya  Gardens,  317. 

Periodicals,  list  of,  444. 

Philology,  true  progress  in,  213. 

Philosophical  Society,  origin  of,  1. 

Physic^Q  condition  r>f  the  water  in  the 
Clyde  sea-area.  Dr.  H.  B.  Mill  on, 
332. 

Physical  states  of  matter,  continuity  of, 
123. 

Piston  speed  in  marine  engine,  24. 

Pit  burial,  261. 

Plants  giving  shelter  to  ants,  320. 

Platinum  black,  its  chemical  activity, 
284 ;  its  action  on  mixture  of  electro- 
lytic gases,  285. 

Playfair,  Sir  Lyon,  on  secret  poisonings, 
274. 

Polariscope,  use  of,  in  determining  in- 
ternal stress  and  strain,  Peter  Alex- 
ander on,  242 ;  explained,  243. 

''Polarization  of  Light,''  Spottiswoode's, 
quotation  from,  242. 


Polariner  and  analyzer,  action  of,  244. 
Polygamy  amongst  New  Guinea  tribes, 

64. 
Prescription,  doctrine  of,  178. 
Proceedings   of    the    Society,    proposed 

general  index  to,  416. 
Projectiles,    approximate    fonnii]j&    ior 

motion  of,  by  Peter  Alexander,  237. 
Property,    great  shrinkage  in  Ttitae  oL 

143. 
PropotUis,  steamer,  reference  to,  11. 
Proposed  course  of  sea-water  conduit  from 

Saltcoats,  358. 
Proposed  regulations  for  burial  firoands, 

265. 
Prout*s  law,  127. 
Public  Health  (Scotland)  Act,  258. 

Quadrant  electrometer,  250. 

Reducing  action  of  hydrogen  in  presence 
of  platinum,  Stephen  Cooke  on,  284. 

Regenerator  gas-firo,  illustrated,  367. 

Rental  of  dwelling-houses  above  £20  in 
Glasgow  and  suburbs,  363-4. 

Report  by  Council,  409. 

Report  by  Library  Committee,  412. 

Report  from  the  conference  of  delegates 
at  Birmingham  Meeting  of  British 
Association,  by  Dr.  Henry  Muirhead, 
70. 

Report  of  the  Royal  Commission  on  de- 
pression of  trade,  an  examination  of, 
by  Charles  Gairdner,  133 ;  inconclusive 
and  disappointing,  145. 

Reports  of  Sections,  397. 

Reprint  of  Graham's  papers.  Dr.  Angus 
Smith's  preface  to,  119. 

Reproduction  in  the  Strombidmopsis  pro- 
boscidifer,  52. 

Results  of  improvements  in  marine 
engines,  19. 

Robertson,  David,  on  animal  His  in  Clyde 
sea-area,  356. 

Robertson,  John,  re-election  of,  as 
Librarian,  413. 

Runes,  a  relic  of  Teutonic  antiqutj, 
214. 

Runic  alphabet,  214. 

Russell,  Dr.  J.  K,  electiaii  of,  as  Presi- 
dent, 413. 

Salts  and  solutions,  Protawor  Graham  on, 

121. 
Salutation  forms  amongst  New  finmna 

tribes,  64. 
Sandeman,  David,  on  progresa  of  technieai 

education,   with  special    lefeience  to 

Glasgow  Weaving  College^  73. 
Sanita^  and   Social  Economy  SectioB, 

report  of,  401;  office-bearers  id,  401 

and  435. 
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Schulze,  Adolf,  on  Abbe's  apochromatic 
micro-objectives  and  compensating  eye- 
pieces, 28. 

Science  and  Art  Department  and  tech- 
nical education,  78. 

Scotland  in  alto-relievo,  113. 

Scottish  Burial  Reform  Association  pro- 
posed, 277. 

Sea-coasts  erosion,  72. 

Sea- water  bathing,  value  of,  361. 

Search  oculars  and  working  oculars,  table 
of,  39. 

Secondary  or  branch  arteries  of  verte- 
brates, 306. 

Sections,  reports  of,  397. 

Servitudes  are  not  rights  of  ownership, 
170;  of  light  and  air,  171;  positive 
and  negative,  172. 

Shell  mounds  in  Australia,  165. 

Shining  stones  or  crystals  held  in  great 
veneration  in  South-Western  Australia, 
153. 

Ship  propulsion,  Miller,  Taylor,  and 
Symington's  experiments  in,  6. 

Shroud  burials,  265. 

Silurian  fossils  of  the  Girvan  district. 
Royal  Society's  grant  for  publication 
of,  282. 

**  Silver  steel,"  magnets  of,  43. 

Sir  Francis  de  Win  ton  on  the  Congo : 
its  past  and  present,  422. 

Spherical  and  chromatic  corrections  for 
lenses,  34. 

Splenic  fever,  M.  Pasteur,  on  spread  of, 
268. 

Steam-engine,  catalogue  of  chief  works 
relating  to,  25,  26,  27 ;  dynamical 
theory  of,  9. 

Steam  jacket  for  cylinders  of  marine 
engines,  16. 

Steam  yacht   Medwio^    her  equipments, 

337. 

Steel  magnets,  preliminary  experiments 
on  the  effects  of  percussion  in  changing 
the  magnetic  moments  of,  by  William 
Brown,  41. 

Stemmatopus  criatatus,  315. 

Strortibidinopsis  prohoscidifer,  description 
of,  50. 

Stroudley  &  Iloughton^s  system  of  lighting 
trains,  391. 

Styloatoma  Forrtstiiy  description  of, 
48. 

Subclavian  artery,  comparative  anatomy 
of,  311. 

Surface  condensation  in  marine  engines, 
18. 

Sutherland,  Dr.,  and  intramural  inter- 
ments, 265. 

Swan    incandescence    lamps,    life    of, 
396. 

Switzerland,  technical  schools  in,  76. 

Vol.  XVIII. 


Table  of  new  apochromatics,  38 ;  search 

oculars  and  working  oculars,  39. 
Tasmanians  and  Australians  compared, 

151. 
Taxation,  local,  increase  in,  141. 
Technical    education    of    workmen    in 

foreign  countries,  141. 
Technical  education,  progress  of,  David 

Sandeman  on,  73. 
Technical  schools    in  Belgium,   77 ;    in 

Canada  and  the  States,  77  ;  in  France, 

76  ;  in  Switzerland,  76. 
Temperature     for    cultivating     vaccine 

lymph,  377. 
Tempering  of  magnets,  43. 
Tentaculiferous    protozoon    (new),    and 

other  infusoria,  W^illiam  Milne  on,  48. 
Thomson,  Geo.  C,  on  bursting  of  leaden 

service  pipes  by  water  and  frost,  102. 
Thomson,  Dr.  Thomas,  127. 
Thomson,  Sir  William,  on  double  chain  of 

electrical  measuring  instruments,  249 ; 

on  molecular  measurement,  132. 
Thorpe,  Prof.  T.  E.,  on  certain  modem 

developments  of  (xraham's  ideas  con- 
cerning the  constitution  of  matter,  118. 
Tidal  currents  in  Clyde  sea-area,  341-344. 
Total  heat  gained  and  lost  in  water  in 

Clyde  sea-area,  355. 
Train-lighting,  three  methods  in  use,  391 ; 

on  Great  Eastern,  Great  Northern,  and 

Lancashire  and   Yorkshire   Railways, 

392. 
Tribes  of  New  Guinea,  some  of  the,  Rev. 

James  Chalmers  on,  57. 

Untlerground  waters,  71. 

Universities    of    Leipzig,   Glasgow,   and 

Edinburgh,    number    of    students   in, 

327. 
Uliilas,  Bishop,  brief  account  of,  208. 
Ultimate  elements  in  grammar,  232. 

Vaccine  lymph  experiments,  by  Chauveau, 
Burdon  Sanderson,  and  others,  369. 

Vaccine  lymph,  kind  to  be  used  as  seed 
in  cultivation  experiments,  379 ;  culti- 
vations, result  of,  380 ;  abortive 
vesicles,  explanation  of,  386. 

Vaccinia,  a  specific  disease,  370. 

Ventral  trunk  and  dorsal  trunk  arteries 
in  embryonic  stage  of  vertebrates,  303. 

Vermiform  zooids,  49. 

Vertebral  artery  in  crocodile,  313. 

Vertebrates,  arterial  system  of,  Dr.  J. 
Yule  Mackay  on,  302. 

Walker's  '*  Gatherings  from  Graveyards," 

reference  to,  257. 
Wallace.  Dr.  William,  on  gas  testing,  91 ; 

Welsbach  gas  light  described  by,  427. 
Walls,  roof,  and  solum,  ownership  of,  190. 
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Waten,  underground,  71. 

Watt's  steam-engine  applied  in  ship  pro- 
pulsion, 5. 

Wealth  01  the  country  being  maintained 
and  increased,  139. 

Weapons  of  Australians,  160. 

Weaving  departmentof  GlasgowTechnical 
College,  82. 

Weaving  schools  of  Germany,  74. 

Welsbach  gas>light,  shown  and  described 
by  T>r.  William  Wallace,  427. 


Woking  Cemetery  Company,  267. 

Yellow  fever,  spread  of,  in  Rio  Janeiro, 

268. 
Young's  (Dr.  James)  gift  of  statue  of 

Gr^am,  118. 

Zoological  studies  in  Leipzig  University, 

329. 
Zooids,  vermiform,  49. 
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